THE DESIGN AND APPLICATION OF DIGITAL CIRCUITS, EQUIPMENT & SYSTEMS 


APRIL 1966 


E€6E2) 20186 HS¥M 37 
2060 ANeesoMEeTcrug, 
OS9094 


SL222 


- 


= [wanes 


sewws 


f. yfiwe TO DIU 
ti 


Zs 
a 
a 


v 
Bw 


\ 


I 


ONLY 3C OFFERS 


30 DAY DELIVERY 


ON THE HOTTEST COMPUTER 
IN THE $28,500 PRICE RANGE 


DDP-116 computers are now operational in 
over 50 installations including communica- 
tions, data acquisition, hybrid and other 
real-time control applications. Specifications 
include: 16-bit word, 1.74Sec cycle, ex- 
pandable 4096-word memory and keyboard 
with paper tape 1/0 unit. 

Software is a proven factor! The compact 
DDP-116 offers as many as 134 subroutines 
in its ASA FORTRAN IV library. Also, it is 
compatible with the DAP assembler and 
desectorizing loader. A/D and D/A sub- 
systems, a full peripheral line and special 
purpose systems capability are available to 
extend the flexibility of the basic DDP-116. 


Write for full details, or telephone today to 
test operate the DDP-116 at a selected 3C 
regional office nearest you. 


DDP-116 


See Us at SJCC, Booth No. 201-205 
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Have vou 
ordered an 


IBM/360? 


Have you also ordered, or considered, a digital plotter to produce computer 
data in graphic form? 

A picture is still worth ten thousand words — or stacks of printed 
listings. 

Let CalComp show you how volumes of computer output can be 
reduced to meaningful charts and graphs — automatically, accurately, and 
completely annotated. 

CalComp Plotters are compatible with the IBM/360 and other 
advanced digital computers...and with the computer you now use. 

Call “Marketing” for details. 


CHEAT RCRORMEP, 


STANDARD OF THE PLOTTING INDUSTRY 


CALIFORNIA COMPUTER PRODUCTS, INC. 
305 MULLER AVENUE, ANAHEIM, CALIFORNIA 
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Chances are one of Roytron’s 52 
paper tape punch or reader 


models will meet your requirements. 


If not, we can make one that will. 


Roytron offers one of the widest ranges 
of paper tape punch and reader models 
in the industry. At last count there 
were 52. You can get them separate or 
combined, or integrated into our 
Verify-Duplicate System. With or with- 


out electronic logic and cir- pe ae 


cuitry. In 20, 50 or 75 cps [{ 
speeds. Desk- InaEnSed, 

rack-mounted or 
specially de- 
signed. And with 


a meaningful warranty backed by a 
nationwide system of service centers. 
Just write for complete specifications, 
and pick the Roytron paper tape punch, 
reader, or combination that comes 
closest to meeting your requirements. 
We'll tailor it to fit 
M. them exactly. And if 
™ none of our 52 
models fills the 
bill, we can 
build the 53rd 

just for you. 


Roytron paper tape punch mechanism: 
Punch control solenoids, 320 ohms @ 24 
VDC. 


Roytron paper tape reader mechanism: 
Reader contacts make and/or break 50 
volts @ 50 ma (resistive); continuous cur- 
rent 500 ma (resistive). 


Prices: 

Basic punch mechanism: 20 cps, $350.00; 
50 cps, $325.00; 75 cps, $450.00. 

Basic reader mechanism: 20 cps, $310.00; 
50 cps, $285.00; 75 cps, $405.00. 


# 
The Roytron 8001 Verify-Duplicate System. An unsurpassed, i 
low cost, one-pass system for producing verified duplicate punched tapes. 3 
Three readers and one punch duplicate and verify in one continuous cycle. © 
The master tape is read by two readers. The third reader scans 
the duplicate tape after punching. If the tapes do not match 
in any detail, an error light comes on, and the system will immediately 
stop and display the two non-matching code patterns. 
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ROYAL TYPEWRITER COMPANY, IN 
150 New Park Avenue, Hartford, oni: 06106 TWX: 710-425-0062 Phone: (203) 233-2621. 


Visit us at the Spring Joint Computer Conference, 
Boston, Mass., April 26-28. Booths 1106-1107-1108. 
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COMPUTER 
DESIGN 


FEATURES 


1966 SPRING JOINT COMPUTER CONFERENCE 

Preview of coming 1966 SJCC including summary of technical program 
and brief description of equipment on display. 
MULTI-MILLION-BIT 242.) MEMORY 

Unique driving and sensing circuits combined with a simplified core 


stack result in a large-scale memory system that offers 4-wire versatility 
with 2-wire cost. 


STABLE N-CHANNEL INSULATED GATE 
FIELD-EFFECT TRANSISTORS 


New development seen as the most important microelectronic advance in 
the last five years. 


AN AUTOMATIC FERRITE CORE TESTER 


In contrast to conventional range testing, this new core test setup auto- 
matically measures the actual core outputs for a more thorough analysis 
of core quality. 


THE QUINE-McCLUSKEY MINIMIZATION METHOD 


Based on an example that is real, relevant, and sufficiently simple, here 
is a clear, straightforward explanation of an important logic minimi- 
zation technique. 


DEPARTMENTS 
EDITORIAL NOTES 
CD REFRESHER SERIES 
CD COMMENTARY 
INDUSTRY NEWS 
DC OUTPUT 
NASA TECH BRIEF 
NEW PRODUCTS 


* Circuit Components * Circuit Packaging * Input-Output Equipment 
* Console Equipment * Power Supplies * Memories * Test Equipment 


* Systems * Circuit Modules 
LITERATURE 
ADVERTISERS’ INDEX 


Reader subscription cards opposite page | 
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Introducing 


See the new Micro VersaLOGIC and our VersaSTORE memory systems at booth 1204 at the S.J.C.C. 
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George Washington couldn’t 
sleep here. 


There’s too much going on. 


“Here” is 13m’s Federal Systems 
Center in Bethesda, Maryland. 
What’s going on? Plenty! 

Our principal mission is to develop 
and build special information 
processing equipment to solve 
individual and unique problems for 
command /intelligence, marine, 
tactical and communications 
systems. 


As a member of our creative Federal 
Systems Center team, you'll work 

on some of the most advanced, 
sophisticated systems development 
problems we believe you’ve ever seen. 


If your discipline is listed below, 
we may have an immediate opening 
for you. Look and see if your talent 
and training are needed. 


It’s kind of great to get to the job 
when you know you're needed, 
important, and growing. 


Sonar systems design - Advanced 
communications systems design * 
Systems engineering + Digital and 
analog circuit design « Digital 
systems logic design * Mechanical 


packaging design - Electrical systems 
design * Optical mechanical design. 
1BM is an Equal Opportunity Employer. 


Direct your resume in complete 
confidence to: 

Mr. J. B. Farrington, Dept. 540 R, 
1BM Federal Systems Center, 
Federal Systems Division, B 

7220 Wisconsin Avenue, I M. 
Bethesda, Maryland. 


Display screen can be 
integral or separate. 
Standard subsystems 
are available with up 
to 12 high contrast 
alphanumeric 
characters °/s” high. 


Data Display Devices 
oi from Raytheon 


Single time-shared 
strobe lamp operates 
in conjunction with 
self-synchronized 
rotating drum. 


All solid-state 
electronic logic 
operates from low- 
level, true 4-bit BCD 
input. 


Optical projection 
system produces 

high-clarity display 
that is flickerless 
because of the hig! 
speed. 


Integral motor. 


Overall sizes : 
Model EM1: 346" (H) x 5'/4" (W) x 8°" (D)_ 
Model EM2: 34s” (H) x 8” (W) x Be." (D) . 


New Raytheon Datastrobe* subsystem offers you 
reliable readouts at very low cost 


The Datastrobe subsystem em- 
ploys a new concept of data dis- 
playthatoffersyouprecisely 
registered, reliable readouts and 
simple, flexible installations—at 
very low cost. 

To produce high-clarity displays 

of precise registration, the Data- 
strobe subsystem utilizes (1) a 
single rotating, self-synchronized 
drum operating in conjunction 

with a single time-shared, high- 
speed strobe lamp, (2) time- 
shared, all solid-state circuits, 
and (3) an optical projection sys- 
tem to produce multi-digit, in-line, 
single-plane displays. 

Reduced number of components 

increases reliability. The time-shar- 


ing feature reduces the number 
of components. Self-contained 
Datastrobe subsystem wires 
directly to logic without buffers or 
drivers. There are no signal ampli- 
fiers, mechanical switches or re- 
lays. One 6-digit Datastrobe 
subsystem can replace as many 
as 66 incandescent bulbs or 6 
electromechanical readouts! No 
compiementary input or 8-line to 
4-line converter is required. 


Self-decoding eliminates wrong 
readouts. A self-decoding feature 
incorporated into the Datastrobe 
subsystem uses direct logic com- 
parison to eliminate erroneous or 
ambiguous readouts. The conven- 
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bright, steady, and provide high 
contrast and easy recognition. 
Wide range of design options. 
Datastrobe subsystem display 
screens can be integral or sepa- 
rate. Standard models are avail- 
able with up to 12 digits; floating 
decimal point is optional. Models 
with more digits and combinations 
of alphanumeric characters or 
symbols are available. Additional 
readout locations are accommo- 
dated with simplified wiring. 
Codes other than BCD, such as 
2-out-of-5 code, are available as 
options. 

For a Datastrobe demonstration, 
contact your Raytheon regional 
sales office. 
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Datavue* Numerical Indicator Tubes in 
side-view configurations. These side- 
view in-line visual readout tubes display 
singly numerals 0 through 9 or pre- 
selected symbols such as + and — 
signs. Gas-filled cold-cathode tubes, 
they employ the principle of the neon- 
glow lamp. And their life expectancies 
range upward of 200,000 hours in dynam- 
ic operation. 


The °/s” high characters are easily 
read from a distance of thirty feet. 
They’re also easily read in high ambient 
light—where other displays tend to wash 
out. Erroneous readouts due to segment 
failure do not occur because the charac- 
ters are fully formed. 

Side-view Datavue tubes cost less be- 
cause their engineering design provides 
manufacturing economies. They're also 
economical to install because the bezel 
and filter assembly can be eliminated, 
and their mating 11-pin sockets are less 
expensive than for end-view types. 


Datavue*End-View Tubes. Raytheon end- 
view Datavue tubes have essentially the 
same characteristics as side-view types. 
They fit into standard-size receptacles 
and conform to EIA ratings. Models in- 
clude round (CK8421) and rectangular 
(CK8422). Both models are designed for 
ultra-long life, with an expectancy of 
200,000 hours or more in dynamic oper- 
ation. 


Recording Storage Tubes. Raytheon re- 
cording storage tubes are electronic 
input/output cathode ray storage de- 
vices. Applications include radar scan- 
conversion, slow-down video, signal 
processing, signal enhancement, time 
delay, and stop motion. Types include 
single gun and dual gun—standard and 
miniature sizes. Shown above are mini- 
ature single-gun (CK1516) and dual-gun 
(CK1519) storage tubes, which provide 
high resolution and erase capability of 
1.2 seconds. 


Recording storage tubes feature fast 
writing, long storage, fast erase and 
immediate readout capabilities. Informa- 
tion can be written and stored by se- 
quential techniques or by random writ- 
ing. Complete, partial, or selective 
erasure is possible. Many other types of 
recording storage tubes are available, 
covering a wide range of requirements 
and applications. 


Dataray* Cathode Ray Tubes. Raytheon 
makes a wide range of industrial CRTs 
—including special types—in screen 
sizes from 7” to 24”. Electrostatic, mag- 
netic, and combination deflection types 
are available for writing alphanumeric 
characters while raster scanning. All 
standard phosphors are available and 
specific design requirements can be 
met. Combination deflection or “diddle 
plate” types include CK1395P (24” rec- 
tangular tube), CK1400P (21” rectangu- 
lar), and CK1406P (17” rectangular). 


Symbolray *CRT Tube. The new Ray- 
theon CK1414 Symbolray tube provides 

alphanumeric inputs for computer read- 
out devices. The tube’s 2” target can be 

scanned electronically to select sym- 
bols, characters, and punctuation marks 

in sequence to form the readout on a 

display tube. This type has applications 

with data processing equipment as an 

economical method for generating char- 
acters for hard copy print-out or for 

cathode ray display. Design with 64 and 

100 characters are available. 


Send the Reader Service Card for Liter- 
ature Kit containing these data sheets 
and catalogs— 


Datastrobe Data Sheet 


Datavue Numerical Indicator 

Tube Catalog 

Cathode Ray Tubes Data Sheets 

Recording Storage Tube Brochure 

Or call your nearest Raytheon re- 
gional sales office, or write to Raytheon 
Company, Components Division, 141 
Spring Street, Lexington, Mass. 02173. 


“Trademark of Raytheon Company 


Raytheon Components Division—A single source for Transistors/Diodes/Integrated 
Circuits/Industrial Tubes/Control Knobs/Panel Hardware/Circuit Modules/Display Devices 
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© 30 VEARS OF SCIENTIFIC ACHIEVEMENT 


COMPACT, 
REALISTICALLY 
PRIGED!! 


MODEL QF PRINTER 


oe aes ; 12-COLUMN CAPACITY 
G) v ¢4 Designed as an effective readout device 


for a wide variety of instruments, Baird- 

a Atomic’s Model QF Printer is an im- 

MODEL QF PRINTER 12-COLUMN CAPACITY — pressively compact, solid-state, parallel 
= input printer. 


Model OF provides 12-column capacity 
(with each column capable of printing 
0 to 9) —the input code is BCD 1-2-4-8 
with a maximum printing rate of two 
lines per second. 


A key feature offered with the Model 
QF Printer (at additional cost) is a 
multiplex mode in which 2 sets of up to 
12 inputs each may be simultaneously 
connected to the printer. With the appli- 
cation of an external print command, 
The Model QF Printer provides 12- the two sets of inputs are printed on 


column capacity with each col- sequential lines. 
umn capable of printing 0 to 9. 


Proven and tested in a wide range of 
demanding applications, the very small 
(only 7” high) Model QF Printer is 
realistically priced for immediate user 
application. For additional customer con- 
venience, Baird-Atomic also makes the 
Model QF available in “off-the-shelf” 
delivery time! 


For any readout application requiring 
up to 12-column capacity in a well- 
designed, yet realistically priced Printer, 
we cordially invite your serious consid- 
eration of Baird-Atomic’s Model QF. 
Descriptive literature is immediately 
available on request — please call or 
write today! 


SCIENTISTS: Investigate career opportunities 
at Baird-Atomic — an equal op- 
portunity employer. 


OFFICES. ATLANTA BOSTON CHICAGO DALLAS DETROIT LOS ANGELES NEW YORK PHILADELPHIA PITTSBURGH SAN FRANCISCO WASHINGTON. DC 
EUROPE: BAIRD-ATOMIC (EUROPE) NV. 26-27 VEENKADE, THE HAGUE, HOLLAND 


fil ELECTRONIC PRODUCTS AND COMPONENTS DIVISION 
A] HAI H {] -ATO) M j | 33 UNIVERSITY ROAD, CAMBRIDGE, MASSACHUSETTS 02138, Telephone: 617 864-7420 


CIRCLE NO. 6 ON INQUIRY CARD 
8 COMPUTER DESIGN/APRIL 1966 


1-microsecond 
full-cycle 


600-nanosecond 
half-cycle 


380-nanosecond 
access 


FABRI-TEK 
reliability 


The Fabri-Tek Series MFA1 one-micro- 
second coincident-current core memory 
system offers you unsurpassed reliability, 


versatility, maintainability, and lowest 
ultimate cost. 


All-silicon semiconductor construction assures 
maximum reliability and longer life in the 
operating temperature range. Word capacities 
are available from 32 to 32,768 in any desired 
bit length. Full-cycle, half-cycle, full-and- 
half-cycle, and split-cycle operation and all 


FABRI-TEK LEADS IN MEMORY TECHNOLOGY 


Check with Fabri-Tek for rewarding engineering opportunities! 


HN 


a 
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types of access modes are possible. Any com- 
bination of address register, data register, 


power supply, and self-test features can be 
ordered. 


If you have a requirement for 1-microsecond 
memories and won't be satisfied with anything 
but field-proven quality, then the Fabri-Tek 
Series MFA1 system is your answer. Ask for 
Bulletin 6534A. Write, call, or wire: Fabri-Tek, 
Incorporated, Amery, Wisconsin; phone: 715- 
268-7155; TWX 510-376-1710. 


ac 
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Here's the 
block reader 
your automated 
test system 

has been 
waiting for 


The Digitronics Model 5000 Block Reader Memory 
Module is all-solid state, compact, reliable and easily 
expandable. It can handle block lengths from 2 to 20 
characters long with up to 8 bits per character. 


The BRMM is designed to be used with our own 
perforated paper tape readers or any other, providing 
that the interface requirements are met. If you use 
a Digitronics Tape Reader, speeds are available from 
50 right up to 1000 characters per second. Outputs 
are NPN closures to ground at up to 75 ma. 


To learn more about our Block Reader Memory Module 
(as well as our complete line of precision readers 
and spoolers), contact your nearest Digitronics 
representative. He’s listed in EBG and EEM—and 
he’ll provide you with instant information. 
Digitronics Corporation, Albertson, New York or 
phone (516) HT 4-1000. 


“Our equipment will be on demonstration at the 
Spring Joint Computer Conference. Be sure to 
see it at Booth 916A.” 


® DIGITRONICS 


when every bit counts 
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CD REFRESHER SERIES 


This month COMPUTER DESIGN inaugurates a 
new department which will provide a continuing 
series of review tutorials on basic analytical tech- 
niques used, at one time or another, by all profes- 


sionals in the field of computer design. 


The first series of articles under this new de- 
partment has been named Mathematics Revisited: 
Selected Topics in Probability and Statistics. This 
series has a two-fold purpose: first, to serve as a 
review for those readers whose skills in the area 
of interest have become dulled through disuse; 
second, to provide a primer for those readers who 
may never have been formally exposed to the sub- 


ject material. 


To these ends, the articles are result-and-appli- 
cation oriented. Rigorous mathematical development 
of equations, proof of theorems, and mathemati- 
cian’s jargon are left to the textbooks. Prolific foot- 
noted references and bibliographies are not provided; 
the reader who wishes to pursue the subject matter 
in greater depth will find detailed treatment of 
nearly all of the topics discussed in these articles, 


in any of a number of excellent texts. 


Mathematical background material is briefly pre- 
sented, in tabular form, whenever a review is re- 
quired for understanding of the manipulations used 
in the text. No mathematics beyond undergraduate 


level will be encountered. 


Each article will contain a complete topic, and 
will therefore stand as nearly independently of the 
others as is possible. This month’s subject covers 
basic probability concepts, the next issue will explore 


the principal rules for manipulating probabilities. 


DAN M. BOWERS, 
Contributing Editor 
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Now Available from General Instrument. «-« 


HERGULEADS 


The ULTIMATE DIODE 


"Gold Leads 

=Lead Mass Large Relative 
to Mass of Diode 

= Both Leads on 

same Face of Chip 


= Bonding Area External 
to Active Device 


General Instrument’s 


=Special Low Resistance Contact Area 


CK 
A\\ \S ie 


mn EPITAXIAL 


n+ SUBSTRATE 


Is 


WG 


actual size 


sJunction Completely 
Shielded by Leads 


= Oxide-Passivation 


®Silicon Chip 


HERCULEADS beam-lead diode is 


a self-contained diode package with total environmental 
immunity—the smallest discrete diode available —and it 
is virtually indestructible. 


Ultimate in cost savings 


The irreducible minimum in processing 
achieved via complete batch fabrication 
and self packaging offers minimum pos- 
sible cost. 


Ultimate in size 


The HERCULEADS diode is the smallest 
available. Together with the leads which 
are uniquely integrated with the diode 
body, it measures less than 15x30 mils. 


Ultimate in reliability 


Most potential failure modes commonly 
associated with diodes, both electrical and 


mechanical, are eliminated. All bonding 
leads external to the active device permit 
simple, economic, high rel connections 
without the use of eutectics, aluminum 
or thermal wire bonding. And total 
surface passivation is assured because 
of HERCULEADS’ unique design and 
metal-over-oxide construction. 


Ultimate in versatility 


Besides its use as a single, twin lead 
self-packaged device, the HERCULEADS 
diode is highly adaptable for use in 
module or stick arrays. Its design and 
construction make it ideal for automatic 
handling and positioning, and its pure 


gold cantilevered leads permit high reli- 
ability bonding. Electrical parameters 
available are comparable to those 
achieved in the most advanced single- 
plane devices presently in use. 


Electrical Specifications 


for H100 Series at 25°C 

PRU oe. tlhe te .90V @10nA 
je aie sie AOR LY 
Pas ian vhccas niecabr Riariiake MA e ee 
Bisons 2.4 pf @OV 


e. 4.ns @ |; = 10 mA to Vp = —40V 


HERCULEADS diodes in 10-PAKS are now in stock at your authorized General Instrument Distributor. 


Write for full data and specifications. 


GENERAL INSTRUMENT CORPORATION f/f 
SEMICONDUCTOR PRODUCTS GROUP ‘* 


600 West John Street, Hicksville, New York 


Booths 2B12-2B14 - 


IEEE SHOW 
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Have you tried out your 
card tricks on this family? 


Here’s a modern family of card readers that fits 
right in with the current and future needs of industry. 
No matter what kind of cards a system may use, one 
of these compact, handsomely styled A-MP* 
SYSCOM* card readers can handle them. 

The unlimited number of programs that can be 
handled and the convenience of punched tabulating 
or credit cards make these units practical for many 
varied applications. In production control and report- 
ing, where data must be randomly gathered from 
many sources into a central computer, the A-MP 
Card Reader functions as data input equipment. 
Location and status of production parts can be de- 
termined in seconds instead of hours or days; 
production machinery breakdowns and_ schedule 
changes can be ascertained before they seriously 
affect production. 


In batch mixing or blending operations, a card reader 
can program changes in formula, mixing times, se- 
quence, quantity measurements, and the like. It 
reduces the operator’s work to inserting the ap- 
propriate tabulating card and checking on proper 
functioning of the equipment. It also reduces the 
chance of human error and ensures consistent 
product quality. 


A. All Weather Credit Card Reader. B. Rack Mounted Standard Size Card 
Reader. C. Desk Top Standard Size Card Reader. D. Motorized Credit Card 


Reader. E. Credit Card Reader. 


Warehouse inventory and supply procedures have 
been vastly speeded up by the use of tabulating card 
systems. By inserting a punched card into an A-MP 
Card Reader, a dispatcher could select a quantity of 
a product for an order. This quantity is deducted 
from the inventory and a new total is derived from the 
card. The same card can also be used to initiate the 
billing process to the customer. 
Bulk plant dispensing can be accomplished with the 
All-Weather Card Reader. The driver simply inserts a 
wallet-size card, which unlocks the pumps. When the 
driver finishes loading his truck, he depresses a 
button on the card reader front panel. This auto- 
matically locks the pumps, records the transaction, 
unlocks the reader and partially ejects the card(s). 
Training devices can employ a card reader to simu- 
late anything from control servo inputs on an air- 
craft trainer to missile guidance system outputs. 
Card programming is an economical approach to un- 
limited program flexibility. 
From design to material selection, utmost care has 
been exercised to assure the engineering soundness 
and practicality of these card readers. This is evi- 
denced by their reliability, efficient operation, and 
attractive appearance. Examine their outstanding 
features and you'll see why these card readers are 
exceptional: 
@ Cast metal housing 
@ Exclusive double wiping action pre-cleans contacts 
e@ |nterlocks ensure accurate positioning and sens- 
ing of cards 
e@ Indicator lights to show when the card isin “‘read’’ 
position (on B & C only) 
@ Various matrix arrangements available—240-bit 
capacity for credit cards; 960-bit for tab cards 
e@ Redundant contacts—two contacts sense each 
hole (on A, D & E only) 
® Long operating life—1,000,000 cycles, minimum 
(on A, D & E only) 
e@ Desk top, rack, or outdoor models available 
@ Automatic or semi-automatic reading and card 
ejection available 
If you want to automate your operation, check on 
AMP's family of Card Readers. Write today for more 
information, 


* Trademark of AMP Incorporated 


AMP 


INCORPORATED 


Harrisburg, Pennsylvania 


A-MPx products and engineering assistance are available through subsidiary companies in: Australia © Canada ® England e France ® Holland @ Italy # Japan ® Mexico ® Spain West Germany 
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Now Cheaper by the Billion. 


Introducing the Bryant Series 4000-2A real time mass memory system. 

It can store 3.8 billion bits. The largest single unit disc file capacity in the 
world. And by far the lowest costing random access system available 
today. All data is on-line, available within an average of 100 milliseconds. 
A basic cabinet offers modular growth to capacity. Environmental 
control reduces maintenance to a minimum. Dual access option offers 
increased throughput. The 2A joins 190 Series 4000 files operating all 
over the world. Deliveries begin in November, 1966. But don't wait 

till then. Call your nearby Bryant Application Engineer now or write: 
850 Ladd Road, Walled Lake, Michigan 48088. 


BRYANT 
COMPUTER PRODUCTS 


ore 
Cas 


EX-CELL-O CORPORATION 


\0, 
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Stem designed for 
maximum printed- 
circuit line width 


and spacing 


NOW THERE'S A NIXIE TUBE FOR UNDER +5 


NEW 
Short bulb minimizes 
panel height 


NEW 

-750” max. bulb 
width permits 
<.80” c-c tube 
spacing 


NEW 
Internal decimal 
points optional, 
positioned left 
and right, 

(50¢ additional) 


NEW 

Socket permits 
flush mounting, 
up-front viewing 


ACTUAL SIZE 


Here it is! Our all-new NIXIE tube—the industry’s lowest- 
cost electronic readout*, and one sure to usher in a whole new 
generation of low-cost digital instrumentation. 

But—don’t be misled by its low, low cost. It’s all NIXIE 
tube—in name, in design, in construction, in performance, in 
quality, in long, trouble-free life. 

Important new design and manufacturing techniques have 
made its low price possible. Now check the important new 
features shown—they make the new NIXIE tube more func- 
tional and easier to use. 

The new NIXIE tube Type B-5440 is available now—from 
stock—both from the factory and from Burroughs Stocking 


Dealers across the country. 

Before you freeze a new design, before you commit your 
company to a costly and irreversibly uneconomical position, 
call, wire or write for samples or prototype quantities. 

Remember—the low cost of the new NIXIE tube Type 
B-5440 precludes consideration of other types of numerical 
readouts such as electro-luminescent and projection types where 
cost is a major factor. Get a real NIXIE tube with real NIXIE- 
tube performance and acceptability. 

Use the reply card for full information on the new NIXIE 
tube and complete readout-application assistance. 


*$4.95 in quantities of 1000. 


Only Burroughs manufactures NIXIE Tubes 


B : 
<3) Burroughs Corporation /:.<or20wc COMPONENTS DIVISION 


PLAINFIELD, NEW JERSEY 07061 
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DIGITAL TAPE TRANSPORT 


COMBINING UNPARALLELED OPERATING 
DEPENDABILITY WITH THIRD GENERATION 
COMPUTER SYSTEM PERFORMANCE FOR 
ADVANCED DATA PROCESSING SYSTEMS 


MIDWESTERN 
INSTRUMENTS 


SUBSIDIARY OF THE TELEX CORPORATION 


How 

(loes 

Midwestern 
uarantee 

data 

reliability? 


The M4000 pneumatic tape transport system is guaranteed 
to read tapes recorded to IBM compatability specifications 
with less than one transient error per 10° data bits; at 
densities to 800 bpi, and at transfer rates to 120 KC. Every 
production tape transport is factory tested for a minimum 
of 100 full reel passes; reading and error checking random 
record length, variable pattern data tapes under 
full program control. Actual statistical results of these 
tests, over a number of transports and many thousand 
full passes, have shown an average data reliability rate of 
one transient error in 27.1x 10° characters read. This safety 
margin, developed from actual test data, makes 
Midwestern’s guarantee of one error in 10° a realistic 
promise, not just another empty claim. 


For more information on the M4000, write or call Ralph 
P. Bohn, Digital Tape Products Division, P. O. Box 1526, 
Tulsa, Oklahoma 74101. Our phone number is 918-627-1116. 
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Now Litton’s All-Solid State Optical Encoders Eliminate, 
Tungsten Bulbs And Increase MTBF Six Times! 


SHAFT ENCODER 


520] 
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UYISION. LITTON sNDUSTRIES, sie “auys, CALIFORNA 


Under operational conditions, MTBF for a typical 
2" full word Litton encoder is 30,000 hours (very 
conservatively rated) compared with 5,000 hours 
experienced under equivalent conditions for an 
encoder using tungsten bulbs. 

Rugged, durable gallium arsenide light sources are 
responsible for the sixfold increase in reliability. Gal- 
lium arsenide not only eliminates the instabilities and 
failures of tungsten bulbs but also uses far less power 
and generates far less heat. Periodic preventive main- 
tenance required with tungsten bulbs is reduced. 
Ultimate cost of ownership is naturally substantially 
less. 

Litton all-solid state optical encoders offer proven 
temperature stability from —55°C to +85°C. They 
operate dependably and accurately during 70g shocks 
and recover from 105g shocks. Other environmental 


Meooee prvision. tt" 


characteristics meet or exceed military specifications. 
These encoders have been built and shipped and are 
now in service. 

This new technique can be applied to incremental 
positioning devices as well as absolute position 
encoders, and in any code pattern—natural binary, 
BCD, gray code and sine/cosine of shaft angle. Please 
call us direct with your requirements or contact your 
nearest Litton regional engineering office. Encoder 
Division, 7942 Woodley Ave., Van Nuys, Calif. (213) 
781-2111. New York: (212) 524-4727. Chicago: (312) 
775-6697. Washington: (202) 462-8833. 


ENCODER DIVISION 
LITTON INDUSTRIES 


OPTICAL - MAGNETIC » CONTACT ENCODERS 
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PART 1 — BASIC PROBABILITY 


Dan M. Bowers, Contributing Editor 


An understanding of Probability is most easily and 
thoroughly acquired if one first develops a feel for 
three fundamental concepts: “randomness,” ‘‘inde- 
pendent trials,’ and “in the long run.” 
“Randomness” is a property which describes the 
unpredictability, haphazardness, “‘chance,’’ or un- 
certainty in the result of a particular operation. 
If a balanced die is repeatedly (and honestly) 
rolled, “randomness” describes the sequence in 
which the six possible numbers appear. If a bal- 
anced coin is repeatedly flipped, “randomness” 
describes the sequence in which heads and tails 
appear. If 5000 ticket stubs are placed into a drum 
and stirred, and five stubs are drawn to award 
door prizes, “randomness” describes the sequence 
of the numbers drawn, and their relation to the 
original set of 5000 numbers. If 99 black balls and 
one white ball are placed into a tub, shaken, and 
are drawn out (without peeking), “randomness” 
describes the fact that, in any given draw, the ball 
may be either black or white, even though we in- 
tuitively expect that this operation will nearly al- 
ways result in the drawing of a black ball. 
“Independent trials” is a concept which is ex- 
pressed by James Bond as “the wheel has no mem- 
ory.” If the property of randomness is assumed, 
then the roll of a die or the toss of a coin is com- 
pletely unaffected by the result of the preceding 
roll or toss, or, for that matter, by the result of 
the subsequent or any other roll or toss. Each roll 
or toss is an “independent trial.’ Provided the 
five ticket stubs are returned to the drum and the 
contents stirred (to assure randomness), a second 
draw of five stubs is unaffected by the first draw. 
Provided the ball drawn is returned to the tub, 
the tub shaken, and another ball drawn, its color 
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is unaffected by the color of the first ball. In James 
Bond's example, each spin of a roulette wheel is 
an ‘independent trial.” 

“In the long run” relates to the familiar “law 
of large numbers”; through Probability theory we 
can predict that out of a large number (strictly 
speaking, an infinite number) of independent trials 
of a given random operation, a certain result will 
occur a certain percentage of the time. Thus we 
can say that “in the long run,’ one-sixth of the 
rolls of a die will result in a four, half the coin 
tosses will result in a head, a given ticket will be 
drawn once every 1000 5-stub draws, and a white 
ball will result one percent of the time. 

Applying these concepts, we can see that if nine 
consecutive coin tosses have all resulted in heads 
(an unlikely sequence of events), the outcome of 
the tenth toss is still equally likely to be a head 
as a tail, since it is an independent random trial, 
and heads and tails are equally likely in the long 
run. The weatherman’s statement that the proba- 
bility of snow on a given day is 70% means that 
in the long run — ie., out of a large number of 
days (independent trials) which exhibit certain 
meteorological characteristics, as evaluated by the 
forecasting techniques used in this case — snow 
will result on 70% of the days; further, the 70% 
snowy days are randomly selected from those 
showing the meteorological characteristics of in- 
terest. (Note that the forecaster seemingly cannot 
be wrong, since the occurrence of snow on a par- 
ticular day has the property of randomness; if, 
however, it remains clear on 90 out of 100 days 
on which the forecaster predicts 70% for snow, he 
may — quietly — re-examine his forecasting tech- 
niques. We shall see in a later article of this series 
how one may determine whether the 10% occur- 
rence of snow in the face of 70% prediction for 
snow may reasonably be attributed to chance; 
we shall, for example, be able to state that we 
are more than 99% certain that the 70% prediction 
was wrong, based on the 10% snow in 100 ob- 
servations.) If 99 draws have resulted in a black 
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DATA 


COMMUNICATIONS 


equipment for on-line, 
real-time processing 


features you can take-for-granted 


There are many features on Teletype 
sets that assure you of the most re- 
liable, efficient, and least costly ter- 
minal equipment for your data 
communications systems. Take these 
features for granted...since they 
are standard on new model Teletype 
machines. 


COPY VIEWING AREA 

All Teletype RO (receive-only), KSR 
(keyboard send-receive), and ASR 
(automatic send-receive) sets have a 
convenient window that provides the 
typist with a clear view of the copy as 
itis being typed. The rear edge of this 
window has a tearing surface to facili- 
tate removal of the printed copy. 


The upper cover of these sets is 
hinged, allowing easy access to the 
equipment for changing the paper 


See 


Uti 


WINDOW FOR VIEWING COPY 


supply and typing ribbon. On ASR 
sets, the paper tape chad from the 
punch head is conveniently collected 
in a chad container. 


CHARACTER COUNTER 


The standard Teletype Model 35 ASR 
set has many additional versatile fea- 
tures, such as: a character counter 
that enables the typist to see at a 
glance how many spaces have been 
typed from the left margin of the page; 
a utility tray to conveniently hold 
papers or forms; aclear plastic bubble 
on top of the upper cover for viewing 
the paper supply and observing the 
operation of the typing unit; and an 
end-of-line indicator that glows red as 
the type box nears the end of the line. 


Other features of the Model 35 ASR in- 
clude: a window for viewing the paper 
tape and the punching operation; a 
low paper alarm that operates when 
the paper supply is nearly exhausted; 


machines that make data move 
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CHARACTER COUNTER 


a copyholder and line guide to hold 
short messages the typist is sending; 
as well as illuminating lamps for the 
typing unit and reperforator areas. 


BREAK BUTTON 


When the paper supply is running low, 
you merely depress an illuminating 
“BREAK” button on the Teletype ma- 
chines to “break off’’ communication 
in the middle of transmission. After 
the paper has been changed, the line 
is easily restored by depressing the 
BREAK-RELEASE key—without 
losing any portion of the text. 


These standard features are another 
reason why this equipment is made 
for the Bell System and others who 
require reliable communications at 
the lowest possible cost. For more in- 
formation on Teletype machines, write 
for our new brochure “ALL ABOUT 
TELETYPE EQUIPMENT.” Teletype 
Corporation, Dept. 71D, 5555 Touhy 
Avenue, Skokie, Illinois 60076. 
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ball, the 100th ball is still very likely to be black, 
even though in the long run (which might be 3000 
draws in this case), an average of one out of every 
hundred draws will result in a white ball. 


PROBABILITY 


In the long run, a given result of a random opera- 
tion will occur with a frequency equal to the prod- 
uct of its Probability and the number of times the 
operation is performed. Conversely put, we are 
defining Probability as the ratio, “in the long run,” 
between the frequency of occurrence of a particular 
result, and the number of times the operation is 
performed. Mathematically stated, if ay, Ge...dn 
are the possible results of an operation, f(a;) is 
the number of occurrences of the i result, and k 
is the number of times the operation is performed, 
then P(a;), the Probability of the it® result, is 


P(a;) = Ses 
We see that ‘in the long run” is implemented by 
defining the Probability, as k becomes very large. 

Since one can never perform any operation an 
infinite number of times, a Probability can be only 
approximated by experimental means. For ‘ex- 
ample, one actual coin toss experiment (performed 
during a quiet midwatch) of 1000 tosses resulted 
in 490 heads and 510 tails; we could therefrom 
calculate P(heads) of 0.49 compared to the well- 
known P(heads) of 0.50. Fortunately, Probabilities 
of many events of interest can be calculated with- 
out recourse to experimental trials, and the Proba- 
bilities of other events can in general be estimated 
— to within a predictable amount of error — on 
the basis of relatively few trials. These techniques 
will be discussed. 

Examining the definition of Probability, we can 


TABLE 1 
PERMUTATION AND COMBINATION RULES 


RULE 1: If X and Y are two independent op- 
erations (i.e., the result of X has no relation to 
the result of Y and vice versa), and if there are 
x different results of operation X, and y differ- 
ent results of operation Y, then there are xy 
different results of the operation of performing 
X and Y together. (Example: a roll of die 1 
has 6 possible results, and a roll of die 2 has 6 
possible results, therefore, the roll of die 1 and 
die 2 together has 36 possible results, as shown 
in the text. ) 


RULE 2: Permutations within a set: A set of n 
different objects can be arranged in n! different 
ways, where n! = n(n-1) (n-2) ... (3) (2) (1). 
(Example: four persons at a bridge table can be 
seated in 4! = 24 different ways; let the persons 
be numbered 1, 2, 3, 4, and the places a, b, c, 
d; then if person 1 is at place a, person 2 can be 
at b, c, or d, with persons 3 and 4 at c and d or 
d and c, b and d or d and b, b and ¢, or c and b, 
respectively, giving 6 possible arrangements for 
person 1 at seat a; the 18 other arrangements 
result from person 1 being at seats b, c, and d.) 


RULE 3: Permutations of groups from a set: if 
a group of p objects is taken from a set of n 
(n > p), the number of different arrangements 
of the group is: 


n(n-1) (n-2) . . 


- (n-p+1) 

(Example: If a 3-desk office is available to seat 
three of the 5 men assigned to a project, there 
are 60 different arrangements possible; if the men 
are designated a, b, c, d, and e, and the desks 1, 
2, and 3, then any of the five men can be as- 
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signed to desk 1, combined with any of the re- 
maining four at desk 2, combined with any of 


the remaining three at desk 3.) 
n! 


This can also be written ; > where n! is the 


(n — p) 
number of arrangements of the set of n, and 
(n — p)! is the number of arrangements of the 
“leftover” items. 


RULE 4: Combinations: (permutations describe 
the number of different arrangements of objects 
within a set; combinations refer only to the num- 
ber of different objects in the set, regardless of 
their arrangement. Example: there is only one 
combination of cards in an ace-high straight heart 
flush, but there are, by Rule 2, 5! = 120 permu- 
tations, or arrangements of the cards.) The num- 
ber of combinations of p objects taken from a set 
of n (n > p) is 

n(n-1) (n-2).. 


p! 
This is seen to be the number of permutations of 
p objects taken from a set of n (from Rule 3), 
divided by the number of permutations within the 
set of p (from Rule 2). Using the second no- 
tation shown in Rule 3, this can be written as: 


. (n-p+1) 


n! 
p! (n-p)! 


which is usually written ( p ) : 


To re-emphasize: the number of combinations of 
n objects taken p at a time is: 
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.. versatility we’ve got! 


If your data communications system 
requires a Teletype set with vertical or 
horizontal tabulation, we've got it. If 
you need a Teletype machine that 
prints on multiple copy business forms 
with form-out and line-feed features, 
we've got it. 


Teletype research and development 
engineers have created these optional 
features and the ones described be- 
low to provide the versatility you need 
in your data communications systems. 


AUTOMATIC CONTROL 

Teletype Model 33 and 35 ASR (auto- 
matic send-receive) sets can be 
equipped for automatic unattended 
operation with the following controls: 


Automatic Reader Contro/ allows taped 
data to be transmitted automatically 
by the reader of an unattended 
ASR set when called in by a remote 
Teletype machine. 


Automatic Punch Contro/ allows data 
to be transmitted to the reperforator 
of an unattended set when called in 
by a remote Teletype machine. 
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PUSH BUTTON DATA GENERATOR 


Automatic Printer Control 
allows printed data to be 
transmitted to the printer 
of an unattended set when 
called in by a remote 
Teletype machine. 


When these three features 
are used on the same set, 
you can separate the tape 
punch, tape reader, and 


printer operations, enabling you to 
tape data without printing page copy, 
or print the copy without punching a 
duplicate tape. 


AUTOMATIC DATA 
PREPARATION 


Teletype R&D engineers have de- 
veloped a Push Button Data Generator 
to simplify and speed the flow of fixed 
data. By preprograming fixed data 
(such as addresses and identification 
numbers) into the PBDG, you can au- 
tomatically print as many as 24 alpha- 
numeric characters and other sym- 
bols by depressing a single button. 


Operating on either a5 or 8-level code, 
the basic Teletype PBDG unit consists 
of 12 pushbuttons that are capable of 
generating a total of 288 characters. 
The PBDG can be used as a self- 
contained unit or combined with Tele- 
type KSR (keyboard send-receive) or 
ASR sets. 


The PBDG has wide application wher- 
ever there is a need for automatic 
handling of repetitive data or informa- 
tion. For instance, in a computer time- 
sharing system, the intricate instruc- 


machines that make data move 
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real-time processing 


VERTICAL TABULATOR 


tions needed to activate the computer 
for a particular user can be programed 
into the PBDG, and transmitted auto- 
matically to the computer merely by 
pressing the appropriate buttons. 


AND MORE FEATURES 


There are many additional features 
that are available on Teletype ma- 
chines, such as a variety of different 
width platens, and automatic carriage 
return-line feed. That's why this equip- 
ment is made for the Bell System and 
others who require reliable communi- 
cations at the lowest possible cost. 


Additional information on the Push 
Button Data Generator and our other 
features can be obtained by writing: 
Teletype Corporation, Dept. 71D, 5555 
Touhy Avenue, Skokie, Illinois 60076. 
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deduce five important properties. 


l O < Piay) < 1; Plai) is non-negative, and 
can assume any value between zero and one. 


2. The Probability of a certain result (e.g., the 
Probabilities of death and taxes) is unity, since 
every performance of the operation results in the 
specified result a;, therefore f(a;) = k. Note, how- 
ever, that the reverse is not necessarily true, i.e., 
a Probability of unity does not necessarily describe 
a certain result. For example, if there are a mil- 
lion balls in a tub, and all are black except one 
which is white, the Probability of drawing a black 
ball is 1.00000, yet we still might draw a non-black 
ball. 


3. The Probability of an impossible result is zero, 
but a Probability of zero does not necessarily de- 
scribe an impossible result; both of these state- 
ments follow from reasoning similar to that above. 
It is fair to state, with respect to Probabilities of 
zero and one, that they represent results which 
are “for all practical purposes’’* impossible or 
certain, respectively. 


4. The Probability of a result other than qi, ie., 
the Probability that a; will not occur (defined 
as P(a;) is 

Pieq) = 1, — Play). 
(Since all results of the k trials which are not qa; 
must be aj, then 

f(a;) = k = f(a), 


Play) = Tim yey tim [ee 


1 tear 2h, aera 
k 


k n> 

5. It follows from 4 above, that the sum of the 
Probabilities of the results of an operation must 
be unity. That is, if a,, a2, a3, and a, are the only 
possible results of a given operation, then 

P(ay) “te P(ay) aI P(as) + P(ay) = | 
This property is known as exhaustiveness. Note 
that it holds only if the results a,, as, a3, and a, 
are disjoint, that is, no two of them may occur 
simultaneously. 


|- I — P(q,).) 


EQUIPROBABLE RESULTS 


An important class of operations (significantly in- 
cluding most gambling problems) can be described 


*One definition of “for all practical pur- 
poses” is illustrated by an engineering un- 
dergraduate (male) and a coed, who take 
initial positions at opposite ends of a football 
field; each, in turn, walks half the distance 
toward the other. Theoretically they will 
never meet at an intermediate point, but 
they can get close enough “for all practical 
purposes.” 
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by the following characteristics: 


1. There are n possible results: ai, Ge, G3, ..- Gn, 
and one of them must occur. 


2. The results are mutually exclusive (disjoint), 
i.e., only one of them may occur for any trial. 


3. The results are equiprobable of occurrence, i.e.,: 
P(a,) = Play) = Ploa)is. «.. = Pla). 


Under these conditions, the Probability of a par- 
ticular condition is the simple ratio of the number 
of possible results which satisfy the condition 
(known as “‘successes”) to the total number of pos- 
sible results, n. For example, in the standard 52- 
card deck of playing cards, there are 52 possible 
and equiprobable results of the operation of draw- 
ing one card. If a “success” is defined as draw- 
ing a heart, there are 13 results which can cause 
a “success,” and 52 possible results, so that: 


Tone eo) 


In the roll of a pair of dice, there are 36 possible 
results: 


1+1=2 34+1=4 5+1=6 
La 3 342=5 5+2=7 
Lt3=4 34+3=6 5+3=8 
L-4=5 347 9+4=9 
14+5=6 3+9=8 5+5=10 
14+6=7 3+6=9 59+6=11 
2+1=3 441=5 Bae 7, 
24+2=4 442=6 64+2=8 
2+3=5 44.3=7 6+3=9 
2+4=6 4+4=8 6+4=10 
24o=7 £2 5=9 6+5=11 
2+6=8 446=10 66=12 


From the rule described above, we can easily 
calculate the Probability of each total throw value: 


Pi + = 0.000 PID. = se = 0.167 
P(2) = = ~ 0.028 P(s) => = 0139 
P(3) = =o = 0.056 PQ) = Ge = O11 
P(4) = = ~ 0.083 P(10) = = = 0.083 
P(5) = _ = 0111 P(11) = = = 0.056 
P(6) = “ee = 0.139 P(12) = + — 0.028 


Using only the definition of Probability for equi- 
probable results, we can calculate the Probabilities 
of a number of interesting operations. In the ex- 
amples used in the beginning of this article, it is 
easily seen that: 
for the balanced die, 

PQ) = P(Z) = Pis}) = P(4) = P(S) = P(6) = 1/6: 
for the balanced coin, 

P(heads) = P(tails) = I, 
for the 99-black-and-one-white ball, 
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look ma...no hands! 


Teletype page printers can be equip- 
ped to be turned on, transmitted to, 
and turned off by remote stations— 
without an operator present. This, in 
part, is accomplished by an automatic 
answer-back mechanism installed in 
the set’s receiver. 


STORES: UP TO 

20 CHARACTERS 

Capable of storing up to 20 characters, 
the answer-back mechanism of an un- 
attended set can be triggered by a 
distant Teletype machine to auto- 
matically return its identification call 
letters. This notifies the transmitting 
station that it is connected and ready 
to receive data. 


A station's call letters are easily coded 
on arotating drum within the answer- 
back mechanism. You can change 
your identification call letters at any 
time by merely replacing the existing 
drum with a newly coded one. 


THREE DIFFERENT 
METHODS 


The answer-back mechanism can be 
triggered in three different ways. (1) A 
converter within the called Teletype 
set automatically turns on the set's 
motor and energizes a magnet, which 
in turn actuates the answer-back 
mechanism. (2) A ‘WHO ARE YOU" 
character can be transmitted by the 
sending station. This triggers the an- 


machines that make data move 


swer-back drum in the remote re- 
ceiver to return its identification call 
letters to the sending station. (3) Lo- 
cal identification is initiated by de- 
pressing the “HERE IS" key. The 
answer-back drum will then print the 
receiving station’s call letters at both 
terminals. 


DISCRETE CODE 


Telespeed sending sets can be equip- 
ped for automatic unattended trans- 
mission to a receiving unit. However, 
in order to assure that only your own 
receivers are capable of turning on 
your sending unit, both sets have a 
discretely coded signal. Ihis special 
14-bit code prevents any other receiver 
from accidentally calling in your send- 
ing set. 


Here’s how it works with Telespeed 
750 equipment. A previously punched 
paper tape is placed in the tape 
reader of the sending unit, and the 
AUTO key pressed to make the set 
ready for unattended operation. 


Incoming calls to the sending set will 
be answered with a tone signal. On 
hearing the tone, the receiving set 
operator presses an AUTO RDR 
START key which transmits the dis- 
crete code. The sending unit recog- 
nizes the correct code, turns on its 
tape reader, and transmits the infor- 
mation prepared in tape form. 


The versatility of this Teletype equip- 
ment is another reason why it’s made 
for the Bell System and others who re- 


CIRCLE NO. 17 ON INQUIRY CARD 


DATA 
COMMUNICATIONS 


equipment for on-line, 
real-time processing 


ANSWER-BACK DRUM 


4 
CHARACTER A stop 
SUPPRESSION CAM 


FEED RATCHET 


LEFT SIDE VIEW 
ETS SN RE A 


ANSWER-BACK MECHANISM 


quire reliable communications at the 
lowest possible cost. For additional in- 
formation on the discrete code, write 
for our new “TELESPEED 750” bro- 
chure. Teletype Corporation, Dept. 
71D, 5555 Touhy Avenue, Skokie, 
Illinois 60076, 
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P(black) 0.99; P(white) = 0.01. 

For the 5000-ticket-stub problems, the calcula- 
tions are less obvious. Intuitively, since there are 
5000 stubs and 5 to be drawn, we expect the 
probability of success to be 1/1000. The total num- 
ber of possible results of drawing five stubs out of 
5000 is the number of combinations of 5000 things, 
taken 5 at a time (see Rule 4 in Table 1), which is: 


5000 5000! 
Ger Jz 5! (5000-5)! 25,997,949,781,251,000. 


A success in a operation consists of a draw 
of the one “winning” stub, plus any other four of 
the 4999 non-winning stubs. This, by Rule 4, can 


happen in heat ways. The Probability of suc- 


cess, therefore, is the ratio of the number of ways 
a success can occur to the number of possible 


results, 
ber de 
( i ) 1000 


Similarly, we can calculate the Probabilities of 
desired results in card games. The probability of 
a perfect hand (all of one suit) in bridge, is the 
ratio of the number of such perfect hands possible 
(4) to the total number of hands possible, ( 24), 


which is 635,013,559,600; therefore, we can expect 


to have one of the four perfect hands — in the 
long run — for each 157 billion hands of bridge 
that we play. 


More within the realm of possibiliy is the Proba- 
bility of a good poker hand, for example, p aces 


in a deal of five-card stud. There are [e*) possible 


poker hands. A success is defined as having p 
aces and 5 - p other cards. The aces can occur 


in($) ways, and the other cards can occur in 


‘ts z p) ways, since there are 4 aces and 48 other 
cards to choose from. By Rule | in Table 1, there 


4\ (48 
p o> 
tions, and the desired probability is 


(5 )(3" - ») 
(3°) 


It is left as an exercise for the serious gambler to 
complete the problem for the desired number of 
aces. (Note — before betting — that this expres- 
sion gives only the probability of getting exactly 
p aces. In the next article we shall see how one 
determines such things as the probability of getting 
at least p aces.) 

Once certain Probabilities have been calculated, 
it is useful to operate with them to obtain the 
probabilities of more complex events. In this way, 
we avoid having to return to the basic (and fre- 
quently, as seen above, quite messy) combinatorial 
representations for further calculations. Also, of 
course, there are many problems which cannot be 
solved with this basic approach. The next article 
in this series will develop and illustrate the manip- 
ulation rules for Probabilities. END 


are, therefore, ( ) successful combina- 
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GOVERNMENT REPORTS * * 


STUDIES IN INTER-SENTENCE CONNECTION 


Studies conducted by the Rand Corp. working with a Russian physics 
text, find a recurrence of significant words between sentences. This 
recurrence, Rand concludes, is frequent, machine recognizable to a 
very large degree, and of potential use for researchers in automatic 
information processing. It has been suggested that only words high 
on a dependency tree of a sentence be selected for purposes of 
automatic indexing and abstracting, and Rand finds that most of the 
recurring words in sentence pairs would be preserved if such syntactic 
pruning were employed. There is a strong tendency for recurring 
words to appear at the same clause level in the two sentences. Al- 
though the generation of paragraphs remains a distant goal of auto- 
matic abstracting, Rand predicts recurrence will be a necessary condi- 
tion for joining sentences together. 


Order from Clearinghouse, U. $. Dept. of Commerce, Springfield, Va., 
22151. Order No. AD-626-572. Price: $1.00. 


MICROELECTRONICS IN SPACE RESEARCH 


A review of the contributions made by NASA research programs to 
this field, which appear to be useful for general industrial application, 
places emphasis on silicon integrated device technology because of its 
relatively large importance. Microelectronics is defined by the review 
as those technologies by which circuit functions are realized in in- 
separable solid structures which duplicate the behavior of collections 
of conventional lumped parameter components. This eliminates from 
consideration microminiaturization aimed solely at size reduction of 
components and circuits. The publication begins with a review of 
microelectronics and discusses thick films, thin films, silicon integrated 
devices, and general device considerations. It then moves into tech- 
nology and techniques, device design and development, and reliability, 
and concludes with a variety of applications in space systems. NASA 
says that much of the application information being generated can be 
of value to other users of microelectronic devices. 


Order from Clearinghouse, U. $. Dept. of Commerce, Springfield, Va. 
22151, Order No. N-66-10414. Price: 60 cents. 


COMPUTER EFFECTIVENESS EVALUATION 


Guidelines that can lead to better managerial decisions regarding auto- 
mation use and planning have been worked out in an Air Force-spon- 
sored project conducted by the Auerbach Corp. The Auerbach process 
for computer installation performance effectiveness evaluation operates 
on a set of specifications and characteristics regarding the principal 
problem tasks of an installation, its computer complex, and administra- 
tive and financial performance. The process provides objective mea- 
sures of performance efficiency based on both quantitative and quali- 
tative data, and provides standards for measuring installation effective- 
ness. Specifications and characteristics are collected via questionnaires 
in four categories: computer hardware, extended machine (hardware/ 
software interaction), software evaluation, and problem specification. 
Algorithms are used to summarize the raw data elements and a com- 
puter program selects data elements, makes simple arithmetic com- 
binations of these elements into composites, and prepares the data 
for entry into a statistical analysis. Stepwise multiple regression an- 
alysis is used to determine the relative significance of various data 
elements and to calculate their relative weights. 


Order from Clearinghouse, U. S$. Dept. of Commerce, Springfield, Va., 
22151. Order No. AD-617613AN. Price: $5.00. 
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see us in April at SJCC, 
Boston, Booths 410-411 
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Programming Languages 


E. E. GRIFFITH 


One of the most common questions asked by the 
hardware-oriented professional trying to learn 
more about programming is: What's the difference 
between FORTRAN and COBOL? Many times the 
programmer accepts this question at face value 
and barges head-on into a discussion which at- 
tempts to define “the differences.'’ Words such as 
verb, jargon, syntax, dialect, idiom, punctuation, 
etc., are used until the listener has the confused 
feeling he is getting a course in linguistics instead 
of programming. If he had been forewarned, per- 
haps he wouldn't be so confused. 


Whenever discussing programming languages, it 
is usually interesting and sometimes informative 
to draw a parallel with the social languages. 


If we say that the difference between FORTRAN 
and COBOL is really one of jargon it would not be 
too misleading. COBOL is simply designed for a 
different purpose than FORTRAN. The former is 
used by accountants, payroll personnel, etc., in 
which transactions, entries, opening and closing 
of files are terms in daily use and are, therefore, 
part of the jargon of those particular areas. On 
the other hand, terms such as functions, arrays, 
equivalence, relational operators, etc., are found 
in use by the mathematician/scientist. FORTRAN 
has been designed for use by these disciplines. 


It is interesting to note that there are dialect prob- 
lems in programming languages just as there are 
in the social languages. The word ACCEPT in one 
dialect of FORTRAN may have to be replaced with 
READ in another dialect to accomplish the same 
thing. The traveler is certainly aware of this type 


The author of this month’s CD Commentary, Edward 
E. Griffith, is Manager of the Programming Depart- 
ment at Computer Control Co. He directs the speci- 
fication and generation of software for all computer 


product lines. In computer design activity, he co- 
ordinates program requirements with design en- 
gineering. 
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commentary 


_ Comments and opinions on topics of cur- 
_ rent interest to digital design engi- 

_ neering personnel. A monthly column orga- 
_ nized and prepared under the direction of 
_ T. PAUL BOTHWELL, Contributing Editor. 


of problem by expecting to get the same thing in 
Boston when he orders the “milk shake” that he 
ordered in Los Angeles. 


Sometimes, these differences are more severe, 
and therefore, cause rather serious communication 
problems. ALGOL, for example, is similar in some 
ways to FORTRAN, but is sufficiently different in 
grammar so that a programmer who understands 
FORTRAN will not necessarily be able to under- 
stand ALGOL. Perhaps the magnitude of this type 
of problem can be recognized by the analogy of 
the differences in Italian and Spanish. They are 
similar in many respects, but are quite different. 

A practical suggestion might be for everyone to 
get together and decide on a standard program- 
ming language. The mathematicians could choose 
from FORTRAN, ALGOL, ALTAC, AUTOCODE, etc.; 
the business community could select from COBOL, 
GECOM, TABSOL, FACT, etc.; the control area 
could decide from APT, AUTOPROMPT, PROCOM, 
PIGEON, etc. This is still being attempted with 
some, but disappointingly little, success. Unfor- 
tunately, emotion is not the least of the problems. 
Who can really explain why ALGOL is more popu- 
lar in Europe and FORTRAN is the defacto standard 
in the U.S.? 


No one will deny the need for standards, but the 
selection of a standard is something else. But is 
this really too different from the problems confront- 
ing the various disciplines when communicating in 
social languages? It would appear worthwhile for 
the medical profession to standardize on a lan- 
guage for their journals. It is not inconceivable 
that there would be factions in favor of German as 
being more precise than English or a proposition 
that Latin is more universally understood. 

We have heard criticisms of the programming 
profession that suggest the reasons for so many 
different languages are due to a lack of discipline; 
that if there were some semblance of strong leader- 
ship there wouldn't be so many languages. How- 
ever, if we apply our analogy, we can see that these 
criticisms might be unfair. Human nature seems 
to have more of an impact than might be expected, 
even in the stark technical world. 

There is considerable pressure within the pro- 
gramming profession to develop a universal pro- 
gramming language; a language that is all things 
to all people. The interest in NPL (ie., PL/I) is 
the result of such pressure. This new language 
seems quite good and appears to place the goal of 
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Does your present custom 
power supply give you... 


70% to 90% Instant fault repair Add-on power capa- Ability to handle full 
efficiency? by plug-in module bility by using more load steps while 
replacement? modules? maintaining out put 
inregulation 


band? 


? ? ? 


New Omnimod does! 


OMNIMOD gives you all these features—and 
more—and at a lower price! Want to know more? 


OMNIMOD is a dc to de converter using tran- 
sistors in a CONSTANT PULSE WIDTH, variable 
repetition rate switching mode to regulate out- 
put voltage or current. Two small plug-in units 
make-up the OMNIMOD concept—a power con- 
trol module and a control amplifier. 


Output can be regulated between + 2 and + 60 dc at 
up to 20 amperes using the OMNIMOD family of mod- 
ules WITHOUT MODIFICATION OR ADJUSTMENT. 
Higher current ratings are obtained by paralleling power 
control modules. 
Any number of power controller modules can be con- 
trolled by one amplifier. OMNIMOD has a current lim- 
iting parameter, over voltage protection, voltage se- 
quencing, and remote sensing. 
To design a custom power supply, one must simply 

1. design one input power converter to change un- 
regulated line ac power to unregulated dc power 

2. select the number of plug-in OMNIMOD power 
control modules to supply the power needed for each 
output 

3. package these elements with filter capacitors and 
a plug-in amplifier module for each output 
All the power used by every element in a typical data 
processing system could be supplied by custom power 
supplies constructed with interchangeable OMNIMOD 
modules. 
Isn't this enough to consider OMNIMOD for your cus- 
tom requirement? We will design an OMNIMOD cus- 
tom power supply to your specs, or will help you design 
your own system using our plug-in OMNIMOD modules. 


: Write for the complete story. We'll have 
Omnimod control amplifier. it to you within 48 hours. 


Zi CONTEMPORARY 
Lif ELECTRONICS 


EXTRA SERVICE TO THE DATA PROCESSING INDUSTRY 


128 North Jackson, Hopkins, Minn. 55343 Telephone 935-8481—Area Code 612 
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Visit our exhibit (Booths 1115-16) at the Spring Joint Computer Conference. 


Dress it any way you wish! 


This rugged, high-speed printer will transcribe infor- 


mation from ANY computer at rates up to 1,000 lines 
per minute. 

NCR’s low-priced EM-C2 Printer — packaged the 
way you want it — can be merged into your own line 


of computer peripherals in a surprisingly short time. 
Its 64-character and 160-column print line en- 
courages flexibility without sacrificing compactness. 
And you can back it with a double warranty for depend- 


ability! Over confident? Not at all! The EM-C2 has a 
history of over 5 million hours in successful tests and 
on-the-job production. The blood and sweat that go 


with development are in the past. The cost is written off. 


THE NATIONAL CASH REGISTER CO. / DAYTON, OHIO 45409 R 


“Dress it any way you wish to match your own 
EDP components.’”’ Or NCR can provide you with a 
completely designed package. Either way, it'll amaze 
you when you learn how so much quality and depend- 
ability can be merged into your own computer system 
at such a low, low price. Write to NCR’s Industrial 
Products Division (OEM) for the complete story about 
the EM-C2 High-Speed Printer. 

Other quality peripherals are available from 
NCR’s IP Div., like Paper Tape Readers, Paper Tape 
Punches, Punched Card Readers, Mag Tape Trans- 
ports, Mag Tape Units, and CRAM (Card Random 
Access Memory). 


INDUSTRIAL PRODUCTS DIV., 


(OEM) 
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standardization within reach (this is controversial, 
but certainly we are closer than we were a few 
years ago). The programming profession, you see, 
has not ignored the problem, but does in fact have 
a direction and even a plausible solution in mind. 


The challenge is now out to the social scientist. 

universal social language would certainly solve 
many problems that confront societies. Is all hope 
lost for Esperanto? It certainly doesn't appear real- 


istic in the foreseeable future, but it would be 
nice if societies had a standard language in which 


to communicate. If Esperanto were chosen as the 
universal social language and NPL were selected 
as the universal programming language, the final 
step would be to tie the two together and define | 


NPL in Esperanto! 


> 


— 


ATTENTION 
regular COMPUTER DESIGN readers .. . 


a new subscription qualification card 
has recently been mailed to you... ecrnOnsc NOREEN COMPANY 


If you have found Computer Design useful 
in your work, and wish to continue your 
subscription, you must now restate your 
qualifications as requested on the card. 


| From 5 t0 100 analog inputs 
| Up to 14-bit binary or 4 BCD + sign 
Gated display of output for any input channel 
Up to 44,000 conversions per second 
FET. switches--100 megohm input impedance 
Optional simultaneous binary and BED outputs 
100 nanosecond aperture on sample and hold 
Only 7 inches of panel height 


Multiplexer 
Switches 
Output Display 


Manual Channel 
Selection 


Please mail the card back PROMPTLY. 


to what’s new in 
Semiconductor Coolers 


WAKEFIELD DISTRIBUTOR Up t 


100 


PRODUCTS CATALOG ints 


The latest designs in Heat 
Sinks are as near as your 
nearby authorized WAKEFIELD 
Electronic Distributor. His 
name is in our catalog along 
with the full line he stocks: 
milliwatt to high power coolers, 
circuit board coolers, extru- 


,th | joint d, 
DELTA BOND 152. Thermally Nc-680.1.0 .. BSS than $4,000 


Conductive Adhesive. for most models 


FOR YOUR COPY, WRITE 


WAKE E IELD EX | 7 - Electronic Engineering Company 


of California 
Lanegan 1601 East Chestnut Avenue (Box 58) 
ENGINEERING ’ INC. aa, gi) Santa Ana, California 92702 


139 FOUNDRY ST. / WAKEFIELD, MASS. (617) 245-5900 * TWX 617-245-9213 a Phone: Kimberly 7-5501 (714) * TWX: 714-531-5711 


Digital 
data in 
parallel or 
serial form 
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RECENT ANNOUNCEMENTS FROM 
COMPUTER MANUFACTURERS: 


FROM SDS — Boeing orders an 
SDS 9300; Jet Propulsion 
Labs orders 13 SDS 920 com- 
puters; Tymshare Associates 
orders an SDS 940; and SDS 92 
working in tandem with an 
SDS 930 will control a na- 
tion-wide network of 60 com- 
munications terminals for 
Sandia Corp. 


FROM CDC — Curtis Publish- 
ing Co. orders two CDC 8090 
computer systems and a CDC 
915 page reader; CDC's 6600 
passes acceptance test at 
Berkeley's Lawrence Radia- 
tion Lab facility; Navy's 
Underwater Ordnance Station 
now uSing a CDC 3200 for 
testing of underwater weap- 
ons; San Francisco bank in- 
stalls CDC 915 optical page 
reader system; Duncan Elec- 
tric of Lafayette, Ind. in- 
stalls a CDC 160 for cali- 
brating watt-hour meters; a 
CDC 3100 will be used by Itek 
Corp. in their digital map- 
ping system and another CDC 
3100 was installed at the 
U. S. Navy's Pacific Missile 
Range; the Interstate Power 
Company at Dubuque, Iowa has 
placed an order for a CDC 636 
industrial computer system 
to be used for monitoring and 
data logging of power plant 
operation. 


FROM HONEYWELL — U. S. Navy 
will lease one Series 200 
computer for their Public 
Works Center at San Diego to 
be followed by Similar in- 
stallation at 8 other Public 
Works Centers around the 
world; a Series 400 computer 
systemwas recently install- 
ed at a London insurance 
brokerage firm; a British 
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INDUSTRY NEWS 


textile firm orders a Honey- 
well 120 smallest of the 
Series 200 line. 


FROM DEC — The Australian 
Atomic Energy Commissionor- 
ders a PDP Multianalyzer; a 
geodetic survey ship called 
the Whiting will use a PDP 8 
to plot data; the Argonne 
National Lab in Chicago is 
using a PDP 7 for film-scan- 
ning development program for 
low-energy physics studies. 


FROM IBM — Three IBM 360/30 
computers are reported in 
successful operation at 
C-E-I-R, Inc's service bu- 


reaus; Computer Sciences 
Corp. will expand its remote 
services with an IBM 360/65 
and a 360/75; an IBM 360/50 
is now undergoing testing at 
Rensselaer Polytechnic In- 
stitute. 


FROM UNIVAC — Sperry Rand 
announced the receipt of a 
multi-million dollar con- 
tract from Bell Telephone 
Labs for continuation of the 
design, development, and de- 
livery of data processors 
and thin-film memory modules 
for use in the Nike-X sys- 
tem; a Univac 418 computer 
became the operating hub of 
a real-time stock market 
computer answering network 
in London. 


FROM 3C — Computer Control 
is furnishing two DDP 116 
Systems to Tridea Corp. to 
be used for on-line machine 
tool programming inconjunc- 
tion with a Tridea-devel- 
oped automatic line tracer. 


1966 FJCC CALL FOR PAPERS 


The Technical Program Committee for the 1966 Fall Joint 
Computer Conference, November 8-10 at San Francisco 
Civic Center, has issued a call for papers dealing with 
significant trends, achievements, concepts and techniques 
covering the entire information processing field. Survey 
and tutorial papers are welcome. Sessions are planned 
on on-line hardware, software and applications in com- 
merce, business, and industry. Session topics at present 
include: Analog and Hybrid Computers, Communication 
Devices and Systems, Components and Circuits, Impact 
of Computers on Education, Impact of Computers on 
Management, Machine Organization, Management of 
Data Processing Centers, New Areas of Application, 
Numerical Analysis, On-Line Systems, Peripheral Equip- 
ment, Programming Languages, and Storage Devices. 
An AFIPS $500 award has been established for the 
best paper presented at the conference. Submissions are 
due by May 2. Only new papers not exceeding 10,000 
words will be considered. Five copies of drafts, includ- 
ing 100/500-word abstracts, should be sent to: Dr. 
William H. Davidow, Technical Program Committee Chair- 
man, 1966 FJCC, P.O. Box 2208, Menlo Park, Cal. 94025. 
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Like to see our new 

T Series modules perform? 
= Warm up your scope, 

we'll be right over. 


Our new T Series integrated circuit logic 
modules are so fast and flexible that we 
can hardly blame you if you doubt the 


ito tat ee ee ood 


amazing specs: Fan out of 14. Noise 
rejection up to 1.8v. 18 nanosecond 
gates. 40 nanosecond flip-flops. 

So we've given our men demon- 
stration kits and you can see for 
yourself. 

Each kit contains an assortment of module cards and has its own power supply 
and timing source. You furnish the problems and the oscilloscope. 
ae Our man may even leave the kit a few days for you to play with. Fun. 


Scientific Data Systems gue 


1649 Seventeenth Street, Santa Monica, California é 
U.S. sales offices in New York, Boston, Washing- @ 
ton, Philadelphia, Pittsburgh, Huntsville, Orlando, 
Chicago, Houston, Dallas, Albuquerque, Denver, 
Seattle, San Francisco, St. Louis, Detroit. 
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Ramsey Core Handler 
Model CH-100 


taking a low-cost 
look at memory cores 
is no longer a problem 


For 8 years most progress in high speed handling of 
ferrite memory cores has been due to the innovations 
of Ramsey Engineering. In 1966 over 4,000,000,000 
cores will pass through hundreds of Ramsey han- 
dlers operating in every major computer facility 
throughout the world. The CH 100 is Ramsey's most 
advanced handler. It is made of cams, linkages, 
drives, probes, contacts, and 8 years of know how. 
It processes 60,000 ferrites per hour and has just 
reduced the overall cost of core testing. 


COMPUTER TEST CORPORATION 


CHERRY HILL, NEW JERSEY 
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FROM ASI — A digital system 
for seismic data processing 
will be delivered to Central 
Exploration of Oklahoma 
City. The ASI system con- 
sists of an Advance Series 
6040 computer, a special 
seismic communications sys- 
tem, and various input-out- 
put and peripheral gear. 


FROM NCR — A German bank 
has installed an NCR 315 com- 
puter system and has placed 
an order fora Second system. 


FROM FOXBORO — The Foxboro 
Co. has received a repeat 
order calling for addition- 
al instrumentation and ex- 
panded digital computer fa- 
cilities for Allegheny Power 
System's generating plant. 


GERMANIUM TRANSISTOR PRICES 
HAVE BEEN SHATTERED BY FAR- 
REACHING PRICE REDUCTIONS 
ACCORDING TO AN ANNOUNCE- 
MENT FROM MOTOROLA SEMICON- 
DUCTOR PRODUCTS INC., PHOE- 
NIX, ARIZ. The price reduc-— 
tions range from 91 to 14 
percent, with an average re- 
duction of 49 percent, and 
cover 29 device types. The 
price cuts affect devices 
now in general use aS well as 
state-of-the-art types. In- 
cluded in the general price 
roll-back are high-frequen- 
cy devices ranging from 
high-current core and line- 
drivers to ultra-low-noise 
RF amplifiers. The price 
reductions are attributed to 
a new manufacturng tech- 
nique, known as Selective 
Metal Etch, which provides 
a much higher yield to the 
desired transistor specifi- 
cations than the conven- 
tional process that has been 
in general use for a number 
of years. In addition, the 
technique permits "batch 
processing" of larger quan- 
tities of devices, greatly 
reducing individual device 
manufacturing costs. 


COMPUTER DESIGN/APRIL 1966 


ASSIGNMENT: BUILD A 
16,584-BIT MEMORY STACK 
HIT FOR OUTER SPACE, 

TO WITHSTAND: - 


=, ~ ~~ ™ —™) 


Result: This RCA ferrite memory stack, designed 
to withstand the rigors of space flight, meets the 
toughest kind of environmental specs: 


} How did RCA meet these demanding requirements? 

e By double-testing each RCA wide-temperature-range ferrite 
memory core for 100% quality assurance. 

e Precision stringing an array of 16 planes, each 32 x 32 cores, 
with continuous wiring through a!l 16,384 cores; no splices or 
internal solder joints are permitted. Then 100% testing the 
entire array. 


e Folding the 16 planes over to form a continuously wired 
memory stack—and 100% testing it again. 


e Encapsulating the stack in silicone rubber and securing it to 
its support case—and 100% testing it again. 


e Shaking, shocking and temperature cycling the stack and 
100% testing it at three different temperature levels. 


ey ey eee ae my Here’s one more example of what RCA can do to build memory: 
tually perpendicular axes system components to meet your requirements, regardless of 


k . how difficult they may be. Whatever you n d in ferrite memory 
Mechanical Shock—50 g, 11 + 1 msec, half-sine wave, 2 shocks components, call your | local RCA Field ‘e or write, wire or 
in both directions in each of 3 mutually perpendicular phone: RCA Electronic Cor ‘ices, Mernory Products 


axes, a total of 12 shocks. Operation, Section FZB4, A” Street, Needham Heights, 94, 
AT— 5 cycles per MIL-STD-202, Method 102A, within lim- | Mass. Phone: (617) f:: 4-7200. 

its of —55° C to +105° C. Unit to operate at specs at 

0° C, 25° C and 70° C (without use of heaters or 

other means of internal temperature control). 


The Most Trusted Name In Electronics 
® 
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This is our 3 step. 
Give us a call and see all 
the steps in our routine. 


If you really want to swing you can also step 4, 8, 12, 24, 48, 
and 200 increments without gears. 


Or to Indicate, Measure and Control using flag and remote 
angle indicators, synchros, resolvers, steppers, or solenoids. 
They are in stock at IMC Magnetics Corp., Western Division. 
For quick service contact the Applications Section at Western 
Division, 6058 Walker Ave., Maywood, Calif. 90270. Phone 
213 583 4785 or TWX 910 321 3089. 

lf you need data sheets for references or consideration for 
future projects, write IMC’s Marketing Division at 570 Main 
Street, Westbury, New York 11591. 


imc 
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4 ways to beat 

a hot system 
1.Centrifugal Blowers 
2. Propeller Fans 
3. Vaneaxial Fans 
4. Tubeaxial Fans 


Learn about them from a 12 page 
booklet called the ‘Airmover Selec- 
tor.” It has a technical information 
section to aid you in your choice of 
airmovers. On the remaining pages 
we have plugs for our products which 
help pay the cost of free booklets. 


you meet with ourtechnical sales reps. 
For very quick service contact: IMC 
Magnetics Corp., Eastern Division, 
570 Main Street, Westbury, N.Y. 
11591. Phone 516 334 7070 or TWX 
516 333 3319. For the “Airmover 
Selector’ write: Marketing Division 


Or a better bargain is our 136 @imc| at the same address, or circle 
page catalog given free when Q imc the Bingo number below. 
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INDUSTRY NEWS 


HONEYWELL'S EDP DIVISION 
WILL MARKET THE BUNKER-RAMO 
CORP'S NEW SERIES 200 AND 
400 INFORMATION DISPLAY AND 
INQUIRY DEVICES IN COMMER- 
CIAL AND GOVERNMENT DATA 
PROCESSING MARKETS here and 
abroad. Bunker-Ramo will 
continue to manufacture and 
market these input/output 
display devices. The world- 
wide service to organiza- 
tions of both firms will co- 
ordinate field servicing of 
the devices. The arrangement 
also provides Honeywell with 
rights for future manufac- 
ture of display units in the 
United Kingdom, Germany, 
and Canada as well as in 
other selected countries. 
The agreement excludes Ja- 
pan, where Bunker-Ramo dis- 
play devices are marketed 
by the Nippon Electric Com- 
pany. Nippon Electric also 
manufactures and markets 
Series 200 computer systems 
under a Honeywell license. 


THE THIRD CONSECUTIVE YEAR 
OF RECORD SALES AND EARNINGS 
WAS REPORTED BY SCIENTIFIC 
DATA SYSTEMS for the year 
ended December 31, 1965. To- 
tal revenues more than dou- 
bled 1964 results, increas- 
ing to $43,999,924 from 
$20,486,789 for the previous 
year. Substantial growth was 
also shown in net income 
which rose to $3,371,628 for 
1965 as compared to $2,179,- 
599 in 1964. According to 
SDS President Max Palevsky, 
"New orders during the 
fourth quarter and in the 
first eight weeks of 1966 
continue to be received ata 
satisfactory rate." More 
than 200 SDS computers were 
shipped last year bringing 
the total of installations 
at year end to over 400 com- 
puters in 20 countries. The 
number of employees at SDS 
also rose substantially to 
2,575 at the end of 1965 
from 1,357 in 1964. 
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No one has a larger line 
of disc memories. 


See the largest line of disc memories 
available at the Spring Joint Computer 
Conference, Booth 913-916 

Whether your information storage 
requirements are small or require data 
stored in millions of bits, Librascope 
Group of General Precision, Inc., has a 
disc memory system for every applica- 
tion. These systems have a proven 
history of reliable performance in com- 
puting systems designed for military, 
business, engineering, and educational 
applications. 

LIBRAFILE mass memories: Large- 
capacity, high-speed, random-access 
information storage systems. Two disc 
sizes available. 48” discs capable of 
storing up to 400 million bits. 38” discs 
with a capacity of 200 million bits. 
LIBRAFILE mass memory information 
retrieval is either fixed-address search 
or search-by-record content. Access 
time less than 20 ms. Data transfer 
rates in the megacycles. 


Militarized disc-memory systems: High- 
speed, random-access, information- 
storage systems. Consists of disc 
memory for data storage and an elec- 
tronic subsystem that provides com- 
plete interface, control, and read/write 
electronics. These systems can be used 
as a data base for shelter, van, or ship- 
board applications. Storage capacity of 
25 million bits on 24” discs. Customized 
capacity up to 80 million bits. 

L-400 magnetic-disc memory systems: 
Provide data storage and transfer in 
computer systems, peripheral equip- 
ment, and other systems where rapid- 
access memory is a requirement. 24” 
disc storage capacity up to 36 million 
bits. 

Airborne disc file: Small, compact file 
designed for airborne (MIL-E-5400 class 
2) applications, as well as for shipboard 
and mobile field operations. 614” disc 
with capacity of 1 million bits. Custom- 
ized airborne memories available with 
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capacity up to 50 million bits. 

L-300 disc memory: For use in computer 
systems and peripheral equipment as 
main storage, buffer storage, or as a 
supplemental memory. 10” disc with a 
capacity of 275,000 bits. 

For complete details, write for our tech- 
nical bulletins. 

Engineers: For career openings, call or 
send resume in confidence to B. Larson, 
General Precision, Inc., Librascope 
Group, 808 Western Avenue, Glendale, 
California 91201. An equal opportunity 
employer. 

A Plans-for-Progress Company. 


Gp GENERAL 
PRECISION. 


LIBRASCOPE GROUP 


| OOF 0 808 Western Avenue OO 
] 0 Glendale, Calif. 91201000 
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More than half 
of the top 
computer makers 


use Lockheed 


memories 


Maybe you ought to know these reasons why: 


Unique Performance. For example, Lockheed anyone else in the field. This is a long story. 
Electronics makes the largest high-speed We'd like to tell it to you point by technical 
commercial memory in operation today. It point. Just contact us. 

has 32,768 words, 74 bits, and operates at 1 Tell us your memory application, so we 
microsecond complete cycle time. We’ve can give you the most useful information. 
built the concepts behind it into an integrated Address: 6201 E. Randolph St., Los Angeles, 
circuit memory for military aerospace...and California 90022. 


other systems and stacks equally outstanding. 
Economical custom design. With Lockheed’s 


exclusive ‘“‘plug in’? memory stacks, and other : 2 

unique modules, we can assemble special B sscoupae: Hane Lockheed 

py recta each fit your need quickly and integrated circuit Electronics 
: memories? See us at y 

Unmatched reliability. Lockheed has Booth 106-108 A Company 4 

carried ‘‘worst case design”’ further than at SJCC. Aircraft Corporation 
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< 3 microseconds 
write to read 
recovery time - 


Where else can you find this remarkably low recovery 
time, less than 1 bit in 1012 bits transient error rate and single 
bit alteration phase modulation recording 


—all at one megacycle data rate? At Magne-Head, these are standard 


ST =e, features—not extra-cost “options?” 


‘ Comparison is the key to your 
best buy. For Magnetic Drum 


Memory Systems—designed... 


engineered ..,and manufactured 


to your exact requirements, 


‘ T 


_ 
MAGNE-HEAD a division of General Instrument Corp. 


13040 South Cerise Avenue ¢ Hawthorne, California 90250 & 213 679-3377/772-2351 «© TWX 910-325-6203 


the New DATA/620 


will be 
your next 


systems 


If you want... a computer specifically designed to 
meet your system requirements — with such useful system 
features as MicroExeec for sub sec processing rates — in- 
dependent GP memories for simultaneous operation — two 
memory access channels, 555 KC and 200 KC—16 or 18 bit 
words — 1.8 «sec core memories, and 0 to 12 v. logic levels. 
If you want... Input/Output flexibility, DATA/620 
has six types of I/O facilities and up to sixty-four devices 
for simultaneous I/O rates of more than 500,000 words 
per DMA. 

If you want... complete software, DATA/620 is 
equipped for FORTRAN in 4 K, Assembler, Aid, Maintain 
—all open ended—and more than 100 machine commands. 
If you want... a computer built for your system, the 
DATA/620 rack mounts in only 26% inches of space with 
front access, and offers highly reliable operation with 7,500 
hours MTBF. And, DATA/620’s low initial cost of $27,900 
will not break your system budget. 


If you want... 90 day delivery you can still have it — 
although 37 DATA/620s have been sold and 10 delivered. 


There is a lot more we would like to tell you 
about the DATA/620 in a fact filled 36 page brochure. 
If you would like one, write to: 


DATA MACHINES 


1590 Monrovia Avenue, Newport Beach, California « Telephone (714) 646-9371 TWX (714) 642-1364 
Division of DECISION Control, inc. ‘ 


See the DATA/620 at booth 1113 at the Spring Joint Computer Conference. 
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Increased emphasis abroad on EDP equipment for ac- 
counting, inventory control, and production planning 
is expected to contribute to a strong growth in ex- 
ports of computer machines in 1966, according to the 
Commerce Department's Bureau of International Trade. 
This increase will continue the long-standing upward 
trend in these sales, as foreign governments and in- 
dustries follow the U.S. lead in EDP routines. 


The EDP system of the Internal Revenue Service pro- 
duced over $35 million in additional revenue during 
1965, and offset $33.6 million in potential refunds of 
178,000 business and individual taxpayers against 
unpaid tax balance of the same taxpayers. A total of 
$70 million in additional revenues is credited to the 
EDP system since it became operational in 1962. Busi- 
ness returns were processed on a nationwide basis for 
the first time in 1965, and processing of individual 
returns under EDP was introduced into a second IRS 
region. In addition, the IRS Data Center in Detroit 
handled centrally such Revenue Service programs and 
activities as payroll preparation, taxpayer compliance 
measurement, statistics of income, tax forms distribu- 
tion, and management information programs. 


We can expect requirements for qualified well-trained 
scientists and engineers to be as great as, or greater 
than, the numbers we will train, according to Dr. 
Bowen C. Dees, associate director for planning at the 
National Science Foundation. He further predicted, in 
congressional testimony, that this country will face 
large requirements for scientists and engineers. The 
anticipated supply of university graduates in science 
and engineering becoming available, he believes, over 
the decade will not meet all our requirements. It is 
likely, he added, that scientific manpower deficits will 
be clearly observable in large numbers of unfilled jobs 
late in the decade. 


The Joint Committee on the Organization of the Con- 
gress is exploring the possibilities of using EDP equip- 
ment as an aid to Congress. Members of the Joint 
Committee are intensely interested in the possible use 


from our man in Washington 


of EDP equipment and information storage and re- 
trieval systems as a means of assisting the Congress, 
its committees, and its Members in more rapid and 
complete access to information as a basis for legis- 
lative decisions. 


President Johnson in his budget message to Congress 
called attention to the great benefits the Federal Gov- 
ernment has obtained from the use of electronic com- 
puters. With the direct annual cost of accruing and 
operating this equipment now in the range of $2 
billion, the President said he intended to make sure 
that this huge investment is managed efficiently — 
through such means as research, equipment sharing, 
careful purchasing, and coordinated government-wide 
utilization policies. 

Efforts will be made to achieve greater standardiza- 
tion in the field of EDP by approving additional 
funds in the budget for the new Center for Computer 
Sciences and Technology at the Bureau of Standards. 


Recent Defense Department Contracts «sssssssuneencunns 


THE GARRETT CORP., Los Angeles, Cal., an order in 
the amount of $1,365,438 for spare parts to support the 
central air data computer on F-4 series aircraft. Work 
will be done in Los Angeles. The Middletown Air Mate- 
riel Area, Olmstead AFB, Pa., is the contracting agency. 


GENERAL PRECISION, INC., Little Falls, N.J., a $5,- 
200,000 initial increment to a fixed-price contract for 
components for navigational computer sets and aerospace 
ground equipment for C-141 aircraft. Estimated final 
amount of this contract is $13,000,000. Work will be done 
in San Marcos, Cal. 


BENDIX CORP., Teterboro, N.J., for the Aeronautical 
Systems Division a $1,500,000 initial increment to a $5- 
760,625 fixed-price contract for production of aircraft 
navigational computer equipment. 


LEAR SIEGLER, INC., Grand Rapids, Mich., a $1,418,282 
fixed-price contract for components for bomb computer 
systems. U.S. Navy Purchasing Office, Washington, D.C., 
is the contracting agency. 


39 


like mae battery chargers... a air cooled engine- 
generators... ae Standby electric 
power supply units... electric plants on wheels tin. 
and other fascinating equipment. In fact, this company 
GD still does. Many of you know the company we’re 
talking about— UNITED STATES MOTORS CORPORATION. 
Giants of industry and those responsible for our 
defense posture did business with it you know when— 
AND NOW! It continues to build quality products— more 
sophisticated of course — but then what isn’t today! It 
has highly sensitive ‘“No-Break” MICRO POWER Electrical 
Plants gags%3 ...Standby Emergency Power Equipment 
SL on wheels... .without wheels is. .and in 


capacities ranging from only 500 watts to 750 KW. a 
plant is modern gi inside and outside sma iiia, . 
equipment is used in communications systems 
computer systems all .In hospitals and gg 

and by industrials to ‘protect Special processes from losses 
due to power outages. Applications are virtually unlimited. 
Let’s get together. Our sales and service centers are— 


NEW ksh raat SAN og leaped AREA MIDWEST eat 
apt gs Bader La Se t 20th S 
rue ah to lest “21 e 388- 1992 (415) Pho e 231. oat aia) 
Rahwa 65 Mill Valley, Califor 94943 Oshkosh, Wis 4901 


~ UNITED STATES MOTORS CORPORATION 
OSHKOSH, WISCONSIN 
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a new era for current-mode switching... with Motorola's 
1800 MHz 2N3960 NPN Silicon Annular” Transistor 


TYPICAL SWITCHING TIMES 


LIMIT CURVES AVAILABLE 
IN DESIGNERS* DATA SHEET 


You'll find a full complement 

of limit curves on each device 

in a special Motorola Design- 
Memes «oers Data Sheet. Thus, you can 
readily explore their use in your circuits using 
“worst case"’ design techniques. Both devices 
are in stock in TO-18 packages. TO GET 
STARTED, send for your copy of the Data Sheet. 
Simply write Technical Information Center, 
Motorola Semiconductor Products Inc., Box 955, 
Phoenix, Arizona 85001. 


A new magnitude of switching speed for 
non-saturated, digital systems applica- 
tions is here — ready for your immediate 
prototype designs... with typical fr per- 
formance of 1800 MHz! 

Previously, frequency response has been 
limited to a range of about 1200 MHz 
before encountering a self-limiting trade- 
off with breakdown voltage. Now, 
Motorola’s newly developed ‘‘narrow- 
base profile’ process technique makes 
possible a micro-thin base thickness (on 
the order of 0.1 micron) and a new high 
level of frequency response (fr). 

And, because the 2N3960 uses 
Motorola’s patented annular device 
structure, this frequency response is of- 
fered to you at no sacrifice in breakdown 
voltages. You've come to expect this with 
all annular built devices. 
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As a result, both 2N3960 and its sister 
device, 2N3959, are able to satisfy, as 
never before, the three key requirements 
for highest speed in current-mode de- 
signs — high fr, low capacitances, and 
low base-spreading resistance. 

Guaranteed minimum f,; values are 1300 
MHz for 2N3959 and 1600 MHz for 
2N3960 at 10 mA. Both are also speci- 
fied at 5 and 30 mA collector currents. 


Other high-performance characteristics . . . 


Output Capacitance (Convo) 2.5 pf max. 
(Vee 4 Vdc, le 0O,f 100 Kc) 
Input Capacitance (—C,p0) 2.5 pf max. 
(Vee 0.5 Vdc, le 0, f 100 Kc) 
Collector-Base Time Constant (r’ Cc) 
| 10 mA, Vet 10 V 
2N3959 25 psec max. 
2N3960 40 psec max. 
Collector-Base Breakdown Voltage (BVcso 20 Vdc min. 
Ie 10 wAde, le 0 
Collector Emitter Breakdown Voltage (BVceo) 12 Vdc min. 
1 10 mAdc, Is 
*Annular onductors patented by Motorola Inc. 


MOTOROLA 


Semiconductors 
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BOSTON REVEALED 


CONVENTION SITE: 


1. War Memorial Auditorium 
2. Parking 


HOTELS: 


3. Sheraton-Boston 
4. Sherry-Biltmore 
5. Lenox 

6. Copley Square 
7. Sheraton-Plaza 
8. Ritz-Carlton 

9. Statler-Hilton 
10. Bradford 

11. Touraine 

12. Parker House 
13. Madison 

14. Vendome 

15. Cambridge Charterhouse 


TRANSPORTATION: 


16. Logan Airport 

17. South Station 

18. North Station 

19. Callahan & Sumner Tunnels 
20. Back Bay Station 

21. Bus Terminal 


POINTS OF INTEREST: 


22. Bunker Hill Monument 
23. Navy Yard 

24. “Old Ironsides” 

25. Museum of Science 

26. Mass. Institute of Technology 
27. New Government Center 
28. State Capitol 

29. Old North Church 

30. Custom House 

31. Faneuil Hall 

32. Boston Common 

33. Public Gardens 

34. John Hancock Tower 
35. Copley Square 

36. Boston Public Library 
37. Prudential Tower 


STREETS: 


38. Boylston St. 

39. Commonwealth Ave. 
40. Beacon St. 

41. Storrow Drive 

42. Memorial Drive 

43. Mass. Ave. 

44. Huntington Ave. 

45. Mass. Turnpike 

46. Southeast Expressway 
47. Mystic River Bridge 


MISCELLANEOUS: 


48. Boston Harbor 
49. Charles River 
50. Mystic River 


1966 SPRING JOINT 
COMPUTER CONFERENCE 


WAR MEMORIAL AUDITORIUM, BOSTON, MASS. 
APRIL 26, 27, 28, 1966 
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Photo Courtesy of AERIAL PHOTOS OF NEW ENGLAND 


The 1966 SJCC is being held in Boston’s new Pruden- 
tial Center, a multi-million dollar complex consisting of 
offices, shops, restaurants, the Sheraton-Boston Hotel, 
and the War Memorial Auditorium. This new center 
is located along Boylston Street near Copley Square. 

All of the SJCC activities will be carried on in the 
Sheraton-Boston Hotel and the War Memorial Audi- 
torium which are adjoining buildings with direct in- 
terior connection. Registration booths, exhibits, the 
Science Theater, and most technical sessions will take 
place in the Auditorium. Some technical sessions and 
all other SJCC activities will take place in the hotel. 


1966 SPRING JOINT COMPUTER CONFERENCE 
(continued) 


TECHNICAL PROGRAM SUMMARY 


TUESDAY, APRIL 26 
SESSION To's cstssense 1:00 P.M. GRAND BALLROOM 


DISPLAY APPLICATIONS RESEARCH 


ON-LINE GRAPHICAL SPECIFICATION of PROCEDURES, W. R. Suther- 
land; DISPLAY CONSOLE USAGE, W. H. Ninke; THE GRAIL PROJECT, 
T. O. Ellis and W. L. Sibley; COMPUTER CONSTRUCTION AND DIS- 
PLAY OF MOLECULAR MODELS, C. Levinthal; THE COMPUTER-AIDED 
LECTURER, G. J. Culler; COMPUTER AIDS FOR COMPOSING, MODI- 
FYING AND STUDYING TEXT, D. C. Engelbart. 


SESSION) 25 osc oa cms 1:00 P.M. BABBAGE ROOM 
COHERENT OPTICAL INFORMATION PROCESSING 


COMPUTER APPLICATION OF ELECTRO-OPTICS, W. J. Poppelbaum; 
MATHEMATICAL REVIEW OF COHERENT OPTICAL SYSTEMS, G. B. 
Parrent, Jr.; THE ROLE OF COHERENT OPTICAL SYSTEMS IN DATA 
PROCESSING, L. J. Cutrona; REQUIREMENTS FOR HOLOGRAM CON- 
STRUCTION, E. N. Leith and J. Upatnieks; APPLICATIONS OF CO- 
HERENT OPTICAL TRANSDUCERS TO OPTICAL REAL-TIME INFORMA- 
TION PROCESSING, D. B. Anderson. 


SESSION) (Bie o5 Fr. sisal ov eae 3:30 P.M. AUDITORIUM 


TIME-SHARING 


TIME-SHARING IN THE IBM SYSTEM/360: MODEL 67, C. T. Gibson; 
A TIME-SHARED DATA MANAGEMENT SYSTEM USING A CROSS-INDEX 
FILE AND SELF-DEFINING ENTRIES, E. W. Franks; AN ANALYSIS OF 
TIME-SHARING COMPUTER SYSTEMS USING MARKOV MODELS, J. L. 
Smith; AN OPTIMIZATION MODEL FOR TIME-SHARING, D. W. Fife. 


WEDNESDAY, APRIL 27 
SESSION 4.............. 9:00 A.M. AUDITORIUM 


PANEL DISCUSSION: THE MEANING OF 
COMPUTER TIME-SHARING 


PANELISTS: J. D. Babcock, L. R. Hague, T. E. Kurtz, K. F. Powell, 
|. E. Sutherland, J. R. Ziegler. 


SESSIONN Sic is st <2 ote 9:00 A.M. BABBAGE ROOM 


SIMULATION AND MODEL-BUILDING 


DSL/90 — A DIGITAL SIMULATION PROGRAM FOR CONTINUOUS 
SYSTEM MODELING — PART 1 AND PART 2, R. N. Linebarger and 
W. M. Syn; A DIGITAL SYSTEM FOR ON-LINE STUDIES OF DYNAMICAL 
SYSTEMS, T. C. Bartee and J. B. Lewis; SIMULATION OF LOGICAL 
DECISION NETWORKS OF TIME-DELAY ELEMENTS BY MEANS OF A 
GENERAL-PURPOSE DIGITAL COMPUTER, Y. N. Chang and O. M. 
George; SIMULATION OF A MULTIPROCESSOR COMPUTER SYSTEM, 
J. H. Katz; MARKOVIAN MODELS AND NUMERICAL ANALYSIS OF 
COMPUTER SYSTEM BEHAVIOR, V. L. Wallace and R. S. Rosenberg; 
SMPS — A TOOL BOX FOR MILITARY COMMUNICATIONS STAFFS, 
K. Jacoby, D. Fackenthal, and A. Cassel; DIGITAL SIMULATION OF 
LARGE SCALE SYSTEMS, R. V. Jacobson. 
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CONFERENCE TIMETABLE 


Monday, April 25 


6:00 p.m. 
6:30 p.m. 


10:30 p.m. Registration Center Closes 


Message Center Opens 


Registration Center Opens 


11:00 p.m. Message Center Closes 


Tuesday, April 26 


8:30 a.m. Registration and Message Centers Open 
10:00 a.m. Keynote Address 
11:30 a.m. Exhibits and Computer Sciences Theater Open 


1:00 p.m. Technical Sessions 1 and 2 


3:30 p.m. — Technical Session 3 

5:00 p.m. Exhibits Close 

5:30 p.m. Registration Center Closes 
6:00 p.m. Cocktail Party 


11:00 p.m. Message Center Closes 


Wednesday, April 27 


9:00 a.m. 
9:00 a.m. Technical Sessions 4 and 5 
10:00 a.m. Exhibits Open 


10:30 a.m. Computer Sciences Theater Opens 


Registration and Message Centers Open 


12:00 noon Conference Luncheon 


1:30 p.m. Technical Sessions 6 and 7 
3:45 p.m. Technical Sessions 8 and 9 
5:30 p.m. Registration Center Closes 
8:00 p.m. Exhibits Close 


11:00 p.m. Message Center Closes 


Thursday, April 28 


9:00 a.m. 
9:00 a.m. 
10:00 a.m. Exhibits Open 


10:30 a.m. Computer Sciences Theater Opens 


Registration and Message Centers Open 


Technical Sessions 10, 11, and 12 


12:00 noon Registration Center Closes 


1:00 p.m. Technical Sessions 13 and 14 
3:30 p.m. Technical Sessions 15 and 16 
5:00 p.m. _—_ Exhibits Close 

8:30 p.m. Boston Pops Concert 


11:00 p.m. Message Center Closes 


SESSION! 655 seiner tensions nye 1:30 P.M. AUDITORIUM 


PROCESSING LARGE FILES 


TECHNIQUES FOR REPLACING CHARACTERS THAT ARE GARBLED 
ON INPUT, G. Carlson; ADAM — A GENERALIZED DATA MANAGE- 
MENT SYSTEM, T. L. Connors; THE ENGINEER-SCIENTIST AND AN 
INFORMATION RETRIEVAL SYSTEM, C. A. Merritt and P. J. Nelson. 


SESSION) 75.56, oa. 2..)s¢ @c5 1:30 P.M. BABBAGE ROOM 


WAVEFORM PROCESSING 


EFFECTS OF QUANTIZATION NOISE IN DIGITAL FILTERS, B. Gold 
and C. Rader; A REAL-TIME COMPUTING SYSTEM FOR LASA, H. W. 
Briscoe and P. L. Fleck; HIGH-SPEED CONVOLUTION AND CORRELA- 
TION, T. G. Stockham, Jr. 
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SJCC TOURS 


There will be a number of local technical tours arranged during 
the three days of the conference. A list of tours and a de- 
scription of each will be posted at a desk near the registration 
center. PLEASE SIGN UP EARLY FOR TOURS YOU WISH TO 
TAKE. This is necessary due to security requirements at several 
facilities and maximum group size limits imposed by others. 


MITRE CORPORATION 


Tour of the Systems Design Laboratory and demonstration of 
the AESOP system. 


M.1.T., LINCOLN LABORATORY 


Demonstration of TX2 graphics system. 


AIR FORCE CAMBRIDGE RESEARCH LABORATORY 
HANSCOM FIELD 


Demonstration of DX1 — Digigraphics plus color scope routines 
now being developed. 


HONEYWELL, INC. 


1. Demonstration at Programming and Research Center in 
Newton. 


2. Demonstration at Engineering and Research Center in 
Waltham. 


CONTROL DATA CORPORATION 


Inspection of Digigraphic Laboratory with demonstration of 
Model 270 Digigraphic System and Model 278 Jumping Spot 
Film Scanner. 


HARVARD UNIVERSITY 


Cambridge Electron Accelerator on-line with Harvard Computa- 
tion Center. Communication will be by two display scopes 
located at the Accelerator. 


KEYDATA 


Tour of 491 Computer facility and demonstration of a Keydata 
billing or invoicing application. 


COMPUTER CONTROL CORPORATION 


Inspection of computer design and manufacturing facility with 
question and answer period by company officers. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


Demonstration showing the ability to write a program through 
a time-shared system from a remote terminal. 


SESSION! 83 5.6.05: e< tae sane 3:45 P.M. AUDITORIUM 
PROGRAMMING LANGUAGES 


A COMPUTER PROGRAM TO TRANSLATE MACHINE LANGUAGE INTO 
FORTRAN, W. A. Sassaman; TECHNIQUES AND ADVANTAGES OF 
USING THE FORMAL COMPILER WRITING SYSTEMS FSL TO IM- 
PLEMENT A FORMULA ALGOL COMPILER, R. Iturriaga, T. A. Standish, 
R. A. Krutar, J. C. Earley; A PROPOSAL FOR A COMPUTER COMPILER, 
G. Metze and S. Seshu. 


SESSION! Gis i532, cnr 3:45 P.M. BABBAGE ROOM 


BUSINESS APPLICATIONS 


A BUSINESS ORIENTED TIME-SHARING SYSTEM, G. F. Duffy and 
W. D. Timberlake; ‘‘NEVER-FAIL’ AUDIO RESPONSE SYSTEM, B. C. 
Dale; APPLICATION OF COMPUTER-BASED RETRIEVAL CONCEPTS TO 
A MARKETING INFORMATION DISSEMINATION SYSTEM, J. J. Gatto. 


THURSDAY, APRIL 28 
SESSION 10... cies seen se 9:00 A.M. AUDITORIUM 


THE EVOLVING LIBRARY 


LIBRARIES AND MACHINES — A REVIEW, B. W. Adkinson; CO- 
ORDINATED INFORMATION PROCESSING IN THREE MEDICAL LI- 
BRARIES, F. G. Kilgour; PLANS FOR INFORMATION TRANSFER 
EXPERIMENTS AT M.I.T., C. F. J. Overhage; ON-LINE INFORMATION 
NETWORKS, J. C. R. Licklider. 


SESSION’ 11; .2 2. 3.55% 9:00 A.M. BABBAGE ROOM 


CURRENT DEVELOPMENTS IN 
PERIPHERAL HARDWARE 


A NEW LOOK IN PERIPHERAL EQUIPMENT DESIGN APPROACH, 
E. Masterson; A SERIAL READER PUNCH WITH NOVEL CONCEPTS, 
D. W. Bernard, R. F. Borelli, F. A. Digilio and F. V. Thiemann; THE IBM 
2560 MULTI-FUNCTION CARD MACHINE, C. E. Spurrier; A NEW 
DEVELOPMENT IN THE TRANSMISSION, STORAGE AND CONVERSION 
OF DIGITAL DATA, R. P. Burr, J. J. Rheinhold and R. K. Andres; 
IBM 2321 DATA CELL DRIVE, A. F. Shugart and Y. Tang. 


SESSION 27 oir et crane 9:00 A.M. GRAND BALLROOM 
ANALOG/HYBRID TECHNIQUES 


HYBRID SIMULATION OF A HELICOPTER, W. J. Kenneally, E. E. L. 
Mitchell, 1. Hay and G. Bolton; A TIME-SHARED HYBRID SIMULATION 
FACILITY, R. Belluardo, R. Gocht, and G. Paquette; HYBRID SIMULA- 
TION OF A FREE PISTON ENGINE, R. E. Gagne and E. J. Wright; 
HYBRID ANALOG/DIGITAL TECHNIQUES FOR SIGNAL PROCESSING 
APPLICATIONS, T. G. Hagan and R. Treiber; HYBRID SIMULATION 
OF A REACTING DISTILLATION COLUMN, R. Ruszky and E. E. L. 
Mitchell; TRANSIENT NEUTRON FLUX DISTRIBUTION STUDIES BY 
COMPRESSED AND REAL-TIME COMPUTER COMPLEXES, J. E. Godts 
and A. S. Weinstein. 


SESSION 1S). ccc%)< oes 5 sree 1:00 P.M. AUDITORIUM 


PANEL DISCUSSION: RESOURCE ALLOCATION 
PANELISTS: C. R. Blair, E. L. Glaser, T. Kallner, V. A. Vyssotsky, S. 
MacD. Warshall. 


SESSION 14........... 1:00 P.M. BABBAGE ROOM 


COMPUTER TECHNIQUES 

IN PATTERN RECOGNITION 
PATTERN RECOGNITION STUDIES IN THE BIOMEDICAL SCIENCES, 
R. S. Ledley, J. Jacobsen, M. Belson, J. Wilson, L. Rotolo, and T. Golab; 
A CHESS MATING COMBINATIONS PROGRAM, G. W. Baylor and 
H. A. Simon; MULTIDIMENSIONAL CORRELATION LATTICES AS AN 
AID TO THREE-DIMENSIONAL PATTERN RECONSTRUCTION, S. J. Penny 
and J. H. Burkhard; A PATTERN RECOGNITION TECHNIQUE, AND ITS 
APPLICATION TO HIGH RESOLUTION IMAGERY, R. D. Joseph and 
S. S. Viglione; THE DEVIL’S ADVOCATE, M. L. Minsky. 


SESSION! Tc como Caiecrerdie 3:30 P.M. AUDITORIUM 


PANEL DISCUSSION: DEVELOPMENT OF 
A “CHECKLESS-NO MONEY” ECONOMY 


PANELISTS: Neal Dean, John McCleary, Richard Bez, Robert Whitby. 
SESSION 165 505. awides 3:30 P.M. BABBAGE ROOM 
PANEL DISCUSSION: HYBRID COMPUTATION 


PANELISTS: R. Belluardo, D. C. Augustin, G. Paquette, R. Gocht, M. F. 
Fineberg, J. J. Clancy, C. F. Hansen, and W. H. Pierce. 
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1966 SPRING JOINT COMPUTER CONFERENCE 
(continued) 


SJCC EXHIBITS 


Approximately 85 exhibitors will occupy 150,000 sq. ft. of space on 
two floors in the War Memorial Auditorium. Exhibit hours are Tuesday, 
11 A.M. to 5 P.M.; Wednesday, 10 A.M. to 8 P.M.; and Thursday, 10 
A.M, to 5 P.M. 

Below are brief descriptions of some of the equipment that will be 
on display. 


ADAGE, INC., BOSTON, MASS. 


Will demonstrate a hybrid computer, called Ambilog 200, which 
performs signal processing on either of two “fresh” inputs — the 
human voice or the human heartbeat sound. Operator will demon- 
strate full control of all computer operations by light pen and CRT 
communications. These processing operations will include power- 
spectrum-density analysis, auto-correlation, and cross-correlation. Also 
on display will be a computer linkage system and an A/D converter 
with 800 nanosecond conversion time. 


AMPEX CORP., REDWOOD CITY, CAL. 


Memory products and magnetic tape equipment. 


ANELEX CORP., BOSTON, MASS. 


Will demonstrate their new 4000 printer that produces up to 150 
columns at 300 lines per minute. Also on display will be a disk file 
storage that has a total capacity of 60 million bits with a positioning 
time of 100 milliseconds. The exhibit will also show a high-speed 
print station and Franklin Electronics’ digital printers. 


APPLIED DYNAMICS, INC., ANN ARBOR, MICH. 


Analog and hybrid computing equipment. 


AUTO-TROL CORP., ARVADA, COLO. 


Will demonstrate a ‘machine tool director’” designed specifically 
for use with existing machine tools and positioning tables of various 
types. Input data can be from punch cards, paper tape, or magnetic 
tape; or the unit can be operated manually from switches on the 
front panel. This all-digital device will be on display attached to a 
coordinatograph for automatic drawing and scribing. 


BELL SYSTEM, NEW YORK, N.Y. 

Touch-tone telephone (12-button card dialer) and a tele-typewriter 
which operates at 150 words per minute with expanded ASCII code. 
BECKMAN INSTRUMENTS, INC., FULLERTON, CAL. 


General-purpose digital and hybrid computers. 


BENSON-LEHNER CORP., VAN NUYS, CAL. 


Will demonstrate their off-line CRT microfilm printer/plotter and 
magnetic tape plotting systems. 


CALIFORNIA COMPUTER PRODUCTS, ANAHEIM, CAL. 


Will display a new CRT microfilm plotting system in which input 
commands from a computer are used to produce discrete incremental 
steps relative to the X and Y axes. A number of other types of 
plotting equipment will also be on display. 


COMPUTER ACCESSORIES CORP., SANTA BARBARA, CAL. 


A magnetic card memory that provides an on-line random access 
storage capacity of 100 million bits will be demonstrated. The unit 
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uses flexible magnetic cards contained in interchangeable cartridges 
as the storage medium. 
COMPUTER CONTROL CO., FRAMINGHAM, MASS. 


Exhibit will demonstrate wide product line including three general- 
purpose computers (DDP-124, DDP-116, and the DDP-224), new in- 
tegrated circuit core memory, complete line of IC digital modules, 
new memory exerciser, and other digital products. 


COMPUTRON, INC., WALTHAM, MASS. 


Magnetic tape certification equipment and tape cleaning systems. 


CONTROL DATA CORP., MINNEAPOLIS, MINN. 


Exhibit will feature a computerized information system employing 
a visual display system with six entry/display stations. Four remote 
calculators will be linked to a computer in Los Angeles and one 
remote station will be linked to a computer in Minneapolis. 


DARTEX, INC., SANTA ANA, CAL. 


Will demonstrate digital magnetic tape data systems that serve 
as buffered links between high-speed computers and data source de- 
vices. Exhibit will also feature data logging incremental recorders, 
remote data collectors, and other magnetic tape equipment. 


DATA PRODUCTS CORP., CULVER CITY, CAL. 


High-speed page printers and disc file storage systems. 


DATA MACHINES, INC., NEWPORT BEACH, CAL. 


/ 
Will demonstrate their new Data/620 system computer designed 
for integrated information, processing, and control systems. 


DECISION CONTROL, INC., NEWPORT BEACH, CAL. 


Will introduce a complete new line of integrated circuit logic 
modules. Includes twenty types that operate to 5 mc with noise re- 
jections of over 1 volt. 


DI/AN CONTROLS, BOSTON, MASS. 


Will introduce a new computer keyboard that is a self-contained 
system especially designed for automatic typesetting operations. 
Other equipment on display includes a high-speed printer, a field- 
programmable magnetic timer, core-transistor logic modules, and a 
two-microsecond memory. 


DIGITAL ELECTRONIC MACHINES, INC., KANSAS CITY, MO. 


A card reader unit that reads 80 to 51 column tab cards and con- 
verts their content to any desired 5 to 8 level output codes. Will also 
display a card-to-tape converter and a data collection unit. 


DIGITAL EQUIPMENT CORP., MAYNARD, MASS. 


New DEC system that will be introduced at the exhibit will either 
be a CRT display system built around a PDP-8 computer or a LINC-8 
laboratory computer system. Standard products such as “Flip-chip’’ 
digital modules will also be dispayed. Handbooks on this module 
line will be given out. 


DIGITRONICS CORP., ALBERTSON, N.Y. 


Complete line of perforated tape reading and handling equipment. 


ELCO CORP., WILLOW GROVE, PA. 


Line of electrical connectors including microcircuit connecting com- 
ponents and systems. 


ELECTRONIC ASSOCIATES, WEST LONG BRANCH, N.J. 


Scientific digital computers and hybrid computing systems. 
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ELECTRONIC MEMORIES, INC., HAWTHORNE, CAL. 


Large scale memory system operating at a cycle time of only 650 
nanoseconds will be demonstrated. It has a capacity of 16,384 words 
of up to 84 bits and an access time of 300 nanoseconds. 


FABRI-TEK, INC., AMERY, WISC. 


Magnetic core memory systems. 


FAIRCHILD SEMICONDUCTOR, MOUNTAIN VIEW, CAL. 


Ferrite core stacks which use printed circuit planes and soldered 
connections of both the single mat and four-mat configurations. Also 
on display will be a mechanical model of a microcircuit memory. 
And — perhaps — a portion, or the whole, of a new 21/2D memory 
system. 


FERROXCUBE CORP. OF AMERICA, SAUGERTIES, N.Y. 


Exhibit will feature magnetic recording head assemblies, memory 
cores, planes and stacks, and memory systems. A new glass-bonded 
ferrite recording head will be on display. Also a new line of low-cost 
10-microsecond memory systems will be introduced. 


GENERAL ELECTRIC COMPUTER DEPT., PHOENIX, ARIZ. 


General-purpose computing systems. 


GENERAL PRECISION/LIBRASCOPE, GLENDALE, CAL. 


Memory drums and disc file storage systems. 


HEWLETT-PACKARD, DATAMEC DIV., MOUNTAIN VIEW, CAL. 


Magnetic tape transports and tape handling equipment. 


HONEYWELL EDP DIV., WELLESLEY HILLS, MASS. 


Will demonstrate on-line information processing from multiple dis- 
play terminals to Honeywell 200 computers located at the company’s 
plants in the greater Boston area. File updating, data readout, and a 
graphic ‘clue game” puzzle will be included in the demonstrations. 


INDIANA GENERAL CORP., VALPARAISO, IND. 


Memory cores, planes, and stacks. 


IBM CORP., WHITE PLAINS, N.Y. 


General-purpose computing systems. 


ITT INDUSTRIAL PRODUCTS DIV., SAN FERNANDO, CAL. 


Color display computer oscilloscopes and a character generator unit 
will be displayed. 


KENNEDY CO., PASADENA, CAL. 


Magnetic tape incremental recording equipment. 


LOCKHEED ELECTRONICS CO., LOS ANGELES, CAL. 


Will introduce two new magnetic core memory systems — a 21/2D 
system and an integrated circuit system. The 22D memory has a read- 
write cycle of 750 nanoseconds and an access time of 300 nanoseconds. 
The IC memory weighs less than 6 pounds; requires only 20 watts of 
power. 


MAGNE-HEAD DIV. OF GENERAL INST., HAWTHORNE, CAL. 


Will display memory drums, memory discs, and digital magnetic 
tape heads. A feature of the exhibit will be a complete line of 
economical commercial-grade disc storage units with prices ranging 
from $2500 for a 1 million-bit capacity to $9000 for 8 million-bit 
capacity. 


MIDWESTERN INSTRUMENTS, TULSA, OKLA. 
Will exhibit digital magnetic tape transports that provide a full 


range of compatibility with third generation computers. 


MONROE DATALOG DIV., LITTON INDUSTRIES, 
SAN FRANCISCO, CAL. 


Various models of digital printers. 


NATIONAL CASH REGISTER, DAYTON, OHIO 


Complete line of input/output and peripheral equipment. 


NORTH ATLANTIC INDUSTRIES, PLAINVIEW, L.I., N.Y. 

Thumbwheel switch assemblies and A/D conversion interfaces for 
computer systems. 

OHR-TRONICS, INC., NEW YORK, N.Y. 

Will exhibit tape readers, tape punches, encoding keyboards, tape 
duplication systems, edge-punched card readers, punched ticket readers, 
and ticket print punch machines. 

POTTER INSTRUMENT CO., PLAINVIEW, L.I., N.Y. 

Exhibit will feature their new chain printer, an offline print station, 
and a dual-cartridge random access magnetic tape memory system. 
RAYTHEON COMPUTER, SANTA ANA, CAL. 

General-purpose computers, logic modules and A/D converters/mul- 
tiplexers. 

RCA — EC & D DIV., HARRISON, N.J. 


Ferrite memory cores, planes, and stacks. 


REEVES INSTRUMENT CO., GARDEN CITY, N.Y. 


Large-scale hybrid computing system. 


SCIENTIFIC DATA SYSTEMS, SANTA MONICA, CAL. 

General-purpose computers, logic modules, and other digital com- 
ponents and systems. 
SOROBAN ENGINEERING, INC., MELBOURNE, FLA. 

Complete line of input/output and peripheral devices and equip- 
ment. 
TALLY CORP., SEATTLE, WASH. 

Complete line of paper tape readers, punches, and handling equip- 


ment. Also will display new data communications systems. 


TELETYPE CORP., SKOKIE, ILL. 


Will feature page printer linked to a computer to demonstrate on- 
line real-time data processing. Also a high-speed tape-to-tape system 
designed for use with other Teletype equipment or for communications 
with various computer and business machines. 


TEXAS INSTRUMENTS, IND. PROD. GROUP., HOUSTON, TEX. 

Will display data acquisition instruments, pulse generators, digital 
tape transports, and a high-speed digital computer which was op- 
timized for seismic data processing. 


TRANSISTOR ELECTRONICS CORP., MINNEAPOLIS, MINN. 


Information display panels, indicators, readouts, and switches. 


VERMONT RESEARCH CORP., N. SPRINGFIELD, VT. 


Drum memory system that is capable of storing 256,000 24-bit words 
with an average access time of 8.6 milliseconds and a bit transfer rate 
of 1.5 megacycles. 
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How can Potter offer a chain printer priced so low? 


This new Potter printer provides the 
combined benefits of high reliability 
and lowest cost of any line printer now 
available. Potter made it all possible 
by taking a completely fresh approach 
to printer design and construction... 


‘ 


producing a 600-line-per-minute unit 
with only a fraction of the parts used 
in a conventional drum printer. 
Take a look at these features: 
e Speed to 600 lines-per-minute; up to 
192 characters in 80 to 132 columns 


e Precise vertical registration 


Sharp character definition—up to six 
copies 


e Integrated circuit electronics 


Minimum maintenance—fewer parts 
to replace or service 


“Ty POTTER 


e INSTRUMENT COMPANY, INC. 


CIRCLE NO. 34 ON INQUIRY CARD 
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The answer’s a radical new design starting with the chain. 


The chain? It’s completely different 
from any you’ve ever seen. A contin- 
uous rotating belt with individually 
attached, easily removable type slugs. 

This newest of line printers is avail- 
able to you at an unbelievably low 


151 Sunnyside Blvd. + Plainview, N.Y. 11803 + (516) OV 1-3200 * TWX (510) 221-1852 « 


price. So send this coupon today. Or 
better yet, phone or wire us for com- 
plete specs and price. You'll be glad 
you did. 


See it at S}CC—Boston, April 26, 27, 28. 


Cable-PICO & = wm mm an 


PI-107A 
Frere EEE eee eee eee 


Send me full details on the new 
Potter Chain Printer. 


Name. 


Title 


Company. 


Address. 


City. 


State 


CIRCLE NO. 34 ON INQUIRY CARD 
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Multi-Million-Bit 21%2D 


Unique driving and sensing circuits combined with a 


simplified core stack result in a large-scale memory system 


The new Series MT Mass Memory 
system developed by Fabri-Tek uses 
a two-wire large-plane stack design 
and a novel sensing circuit to re- 
duce “per bit” cost of a large sys- 
tem to a practical level. The typical 
four-wire core stack, which is the 
major cost factor for large 3D co- 
incident-current core memories, has 
been replaced in this new system 
with a 2-wire, 2%2-D stack. Nor- 
mally, the lower-cost two-wire stack 
usually means slower, word-orga- 
nized 2D selection and increased cost 
for additional address selection cir- 
cuits. However, the 21D selection 
retains the speed and most of the 
circuit economy of coincident-cur- 
rent systems. 


Cost-Conscious Design 


Core Costs 


Core costs were kept down by using 
high-production low-cost 30-mil 
cores and relaxing core requirements 
as follows: 


that offers 4-wire versatility with 2-wire cost. 


e Improving current margins by 
eliminating the inhibit function 

¢ Relaxing delta noise requirements 
with new sensing system 

e Allowing wider limits for peaking 
and switching times. 


Plane Costs 


Core plane costs were kept down by 
using larger planes which reduce 
stringing, terminating, testing, and 
rework cost on a per-bit basis as 
follows: 

¢ Stringing only two wires through 
each core reduces cost over 50 per- 
cent from four-wire stacks of same 
size, since the first wires are the 
easiest to string 

e Larger planes reduce the number 
of terminations; fewer terminations 
mean reduced cost and increased re- 
liability 

e Larger planes take only slightly 
more testing time, resulting in lower 
test cost per bit 

e Larger planes would tend to in- 
dicate more rework, but the simpler 


R. J. Petschauver, Dir. of Engrg., 


G. A. Anderson, Mgr. of Memory Systems 


Group, and W. J. Neuman, Supervisory 
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Engr., Fabri-Tek, Inc., Amery, Wisc. 


stringing and relaxed core require- 
ments actually reduced rework cost- 
per-bit. 


Circuit Costs 


Sensing circuit uses Y drive lines 
as sense lines and permits each sense 
amplifier to serve 262,144 bits. Com- 
plete system requires only 80 sense 
amplifiers. 


Organization and Operation 


A system containing 262,144 words 
of 80 bits represents the maximum 
module size. Actual arrangement 
consists of 64 separate planes in four 
substacks of 16 planes each. Each 
plane contains 327,680 cores ar- 
ranged 256 x 1280. Substacks mea- 
sure approximately 3 by 10 by 47 
inches. There are 4096 X lines and 
5120 Y lines, with Y lines arranged 
in 80 groups of 64 lines each. The 
complete stack operates as a single 
massive two-dimensional array total- 
ling 20,971,520 bits. A block dia- 
gram of a complete MT system is 
shown in Fig. 1. 

A read-restore cycle consists of 
the following: 
@ One Y line in each of the 80 
groups is selected by the address 
register under control of the six 
low-order address bits 


e A half-current enabling pulse is 
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Memory 


generated on the selected lines 

@ Noise on the Y lines is allowed 
to decay, since these lines are also 
used for sensing 

® One of the 4096 X lines is selected 
by the 12 uppermost bits of the ad- 
dress 

e The selected X line is pulsed with 
a half current to read out 80 cores, 
one in each of the 80 Y line groups 
© The outputs are amplified, 
strobed, and transferred in parallel 
to the data register. 

Restoration is accomplished by ap- 
plying reverse half-current pulses on 
the selected X lines and on those Y 
lines where a “one”’ is to be written. 

Figs. 2, 3, and 4 describe, respec- 
tively, the Y driving and sensing 
method, the X drive selection, and 
the Y selection matrix. 


Sense Amplifiers 


Fig. 5 is a schematic of a complete 
sense amplifier. Only 80 such am- 
plifiers are required for all 5120 Y 
lines. Each of the 80 main sense 
amplifiers has available to it the 
output of any of eight preamplifiers, 
selected by the address register. Each 
of the preamplifiers is connected to 
eight Y lines by four transformers 
with series-connected secondaries. 
Because only one preamplifier is 
selected at a time, each main ampli- 
fier “sees” no more than eight sense 
lines at a time. One of the eight 
sense lines carries the output from 
the selected core. ‘The other seven 
each have half-current noise from 
only one core. Thus, the main sense 
amplifier receives the output from 
the selected core and the noise from 
only seven other cores. In contrast, 


ESS 18-BIT ADDRESS REGISTER 


LINES GaTE 


64 X 64 X SELECTION 


?—— 4096 X| LINES 


LINES IN 


TYPICAL 


TYPICAL Y LOGIC styl 
@ SELECTION FOR STACK 
1 OF 80 BIT 


POSITIONS SHOWN 


DATA 
LINES OUT 


@«—— 5120 Lines ——» 


SENSE AMP SENSE MIXING 
& STROBE & PRE AMP 


Fig. 1 Block diagram of Fabri-Tek’s 21/,D mass memory. 
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Fig. 2 Selection of an individual core operates as follows. 
The Y current from point P to point Q divides, linking two 
rows of cores. The X current from the X drive transformer to 
ground aids the Y current in core 1 and bucks the current 
in core 2. Core | will switch if it previously was storing a 
- ONE. Core 2 is unaffected because the net current through 
it is zero. Other cores linked by the X or Y lines are not 
switched because they receive only half-current pulses. If 
it is desired to select core 2, the Y current is reversed, since 
Y current polarity is part of the selection scheme. The return 
path for the Y current from the two lines is from opposite ends 
to the center tap of a transformer winding. The initiation of 
the Y current would cause no net output on the transformer 
‘secondary if it were not for manufacturing tolerances on the 
transformer and impedance unbalance between the two Y 
lines. Noise resulting from these unbalances is allowed to 
decay by delaying the initiation of the X current pulse about 
a half to ome microsecond. When the X current pulse is 
initiated, the selected cores receive full current and are read 
eut. The switching of a selected core induces a differential 
voltage across the transformer primary, which appears in the 
secondary and is transmitted to the sense amplifier. The 
signal is strobed at the time of optimum signal-to-noise ratio. 


READ CURRENT 
DRIVER 


READ 
CURRENT ORIVER 


SELECTOR SELECTOR 
SwiTCH SwiTcH 


Fig. 3 The X drive line selection consists of the following. 
The X lines are selected by a 64 x 64 transformer-diode ma- 
trix. At the start of the cycle, a selector switch controlled by 
the upper six bits of the address grounds the center taps of 
64 transformers. The next six bits of the address and a suit- 
able timing pulse turn on a read current driver and selector 
switch, and a positive pulse is generated in the selected X 
line. After the read pulse is completed, the same six bits of 
the address turn on the write current driver, generating a 
negative current pulse in the selected X line. The first stage 
of the current driver performs the NAND function. Its output 
is transformer coupled to Q2, which amplifies the current. 
The backswing of transformer Tl is adjusted so the base of 
Q2 is driven with sufficient reverse current to obtain a fast 
turn-off at the termination of the input pulse. The selector 
switch is functionally a high-gain logic NAND circuit. The 
collector of Q4 must be able to handle the current generated 
by a current driver as well as the current in the pull-up re- 
sistor and current from shunt capacitance. 


SELECTOR 


Fig. 4 The Y drive line selection is similar to that for the X 
lines except that the Y current drivers and the selector 
switches must handle twice the current, since they provide 
current for two lines. The Y selection matrix requires four 
diodes for each pair of lines because current must be driven 
in both directions. For the purpose of illustration, a 2 x 2 
matrix is shown, but the same scheme is used for the 8 x 4 
matrix of the actual system. 
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Fig. 5 Sense amplifier used in new memory system. 


a typical four-wire coincident-cur- 
rent memory system of 4096 words 
has 126 cores which contribute half- 
current noise at read time. 

The amplified signal from the pre- 
amplifier is transformer coupled to 
the main sense amplifier. Noise re- 
sulting from Y current generation or 
an unbalance in the preamplifier col- 
lector currents can cause a voltage 
level shift in the main sense ampli- 
fier. Such a level shift changes the 
threshold of the main amplifier, and 
it is desirable that the amplifier re- 
turn to the quiescent level before 
the core signal is applied. This is 
accomplished by the delay line across 
the input to the main amplifier. A 
step voltage, such as might be caused 
by unequal currents in the two driven 
Y lines, appears at the input only 
during the down-and-back time of 
the delay line. No further voltage 
due to the unbalance appears across 
the delay line until the step voltage 
is removed. Thus, a signal super- 
imposed on a dc level appears at 
the input as being referenced to 
eround and the threshold of the 
amplifier is not changed during 
strobe time. 

The down-and-back time of the 
delay line is made long enough so 
the major portion of the signal is 
passed through the amplifier. The 
signal is rectified, amplified, in- 
verted, and ultimately ANDed with 
the strobe pulse. The resulting out- 
put is used to set the data register 


flip-flop. 


Circle No. 102 on Inquiry Card 
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Clark Equipment Company gets data 


from 127 sales offices, 4 manufacturing plants, 


and a major warehouse as soon as it’s recorded 


Bell System data communications services link 
Clark’s distant locations to a centralized computer 
center at Buchanan, Michigan. The result is better 
management control of all activities—sales, inventory, 
purchasing, production, payroll and accounting. 


With current and accurate information, Clark man- 
agement can quickly adjust to changing marketing 
conditions. Important orders get priority scheduling 
for production and shipment. And yet, purchasing, 
production and inventories stay at optimum levels. 


An integrated information system of this size uses 
computer switching with store and forward capabilities. 
The fully automatic Clark system polls satellite stations, 
receives and transmits messages, assigns priorities, 
and converts different speed and code formats to 


See the latest in data communications. 
Visit the Bell System exhibit at the Spring Joint Computer Conference. 


one standard code. Other features of the switching 
unit provide the necessary supervisory control of the 
network. 


Consider the economies a real-time, integrated 
information system can bring to your business with 
automatic data processing linked with fast, reliable 
communications. 


Today’s dynamic competition requires many com- 
panies to consider organizing for data processing in 
some phase of their operations. It’s important to start 
organizing communications at the same time. 


So when you think of data communications, think 
of the Bell System. Our Communications Consultant 
is ready and able to help you plan an integrated 
information system. 


FN Bell System 


See 7 American Telephone & Telegraph 
= and Associated Companies 
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STABLE N-CHANNEL 


INSULATED GATE 


FIELD-EFFECT TRANSISTORS 


New Development Seen as the Most Important 
Microelectronic Advance in the Last Five Years. 


Development of the first n-channel 
metal nitride semiconductor insu- 
lated-gate field-effect —_ transistors 
(MNS/IGFET) fabricated via a 
new silicon planar technology was 
reported at the IEEE’s International 
Solid State Circuits Conference by 


scientists from the Sperry Rand Re- 
search Center, Sudbury, Mass. The 
development, which promises to cure 
the electrical instability of present 
n-channel IGFETs, based on 
the substitution of silicon nitride for 
silicon oxide as a more effective in- 
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| R&D REPORTS | 


sulating material in the devices. 

P-channel, enhancement mode 
MNS/IGFETs built and tested at 
the Sperry Rand Research Center 
have demonstrated marked improve- 
ments in electrical stability, lower 
threshold voltage and. greater volt- 
age-handling capability over the 
newest metal oxide semiconductor 
(MOS) Now under early 
tests, experimental n-channel en- 
hancement mode devices using: sili- 
con nitride are expected to perform 
as well. Sperry is using the silicon 
nitride in these devices as a mask 
against diffusion, as a 
layer over p-n and n-p junctions, 
and as an insulating dielectric. 

Until the Research Center’s recent 
development of a deposition process 
that made practical the switch from 
oxide to nitride, the microelectron- 
was largely stymied in 
electrically-stable 
IGFETs and microcircuits of the 
new and promising MOS-type. Use 
of this type of device in such ap- 
plications as computer logic and 
memory array circuits is expected to 
effect a sharp cut in equipment 
size and cost. Engineers at the 
Sperry Semiconductor Division, Nor- 
walk, Conn., said that up to ten 
times the number of MOS-type com- 
ponents can be packed on the same 
chip with no increase in the size of 
the circuit package or the number 
of electrical connections. 

Sperry Rand researchers, led by 
Drs. Nigel C. Tombs, H. A. Richard 
Wegener, and Roger Newman, man- 
ager of solid state sciences, last 
month reported solution of the sta- 
bility problem in the p-channel en- 
hancement mode. Company officials 
said that the development could be 
the most important advance in the 
industry in the last five years. Sperry 
Semiconductor Division expects to 
have silicon nitride devices in its 
product line this year. 


devices. 


passivation 


ics industry 
its pursuit of 
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Complementary Pairs 


The achievement of stable n-channel 
devices will open the way to pro- 
duction of complementary pairs of 
both p- and n-channel units on the 
same chip substrate, Dr. Wegener 
said. The enhancement mode _ of 
operation is especially attractive, he 
added, because the device is nor- 
mally off until turned on by the ap- 
plication of a voltage to the gate. 
Its opposite number, a depletion 
mode device, is easier to construct, 
but is normally on, and draining 
full power until shut off by a bias 
voltage from a separate power sup- 
ply. While p-channel IGFETs had 
been difficult to fabricate, the physi- 
cist explained, n-channel devices 
were a virtual impossibility. This 
was due to the inability of the ox- 
ide insulation to keep contaminants 
from moving toward the silicon. 
Nitride, on the other hand, has 
proved an effective barrier. 

In their first tests, Sperry’s n- 
channel MNS/IGFETs have shown 
source-to-drain leakage currents to 
be orders of magnitude less than the 
same currents in n-channel MOS 
devices. Dr. Wegener has observed 
leakage currents of less than one- 
tenth nanoampere across MNS/ 
IGFETs in the “OFF” mode, an 
exceptionally low level which pro- 
vides a well-defined threshold volt- 
age. 

Sperry has just begun temperature- 
bias stability tests on its n-channel 
enhancement mode MNS/IGFETs, 
and definitive results are not yet 
available. Dr. Wegener said, how- 
ever, that they expect the n-channel 
devices to perform as well as_p- 
channel MNS units under test. In 
this test both MOS and MNS de- 
vices intentionally contaminated 
with sodium ions were stored at 150 
degrees C with +30 volts applied to 
their gates. Results showed that the 
operating point of the gates of the 
MOS devices had shifted by about 
20 volts; the MNS characteristics 
by less than one volt. 

The company will extend the use 
of silicon nitride to integrated cir- 
cuits, diodes, and double-diffused 
transistors. The latter are expected 
to double their present voltage- 
handling capability. The new tech- 
nology also may be applied to such 
materials as germanium, gallium 
arsenide, and indium arsenide, in 
addition to silicon. END 
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The ferrite core industry is an old 
and mature one and automatic core 
testing is very sophisticated; for ex- 
ample, cores can be _ production- 
tested currently at the rate of up to 
1000 per minute. However, up to 
the present, automatic core testing 
is range testing. This means that 
certain limits are pre-established for 
the core output values and cores are 
tested to fall within these limits. 
Very little, if any, of the automatic 
testing is done to give actual core 
outputs. Testing to give actual core 
outputs seems to be laborious and 
time consuming for more than a few 
cores. Therefore, a core test setup 
that automatically measures the ac- 


An Automatic 
Ferrite Core Tester 


tual core output has been designed 

at Fairchild Semiconductor’s mem- 

ory products department. This core 

test setup is described in this article. 
The basic parts of the test setup 

are: 

A programmed manual core tester 

A programmed sampling core 

A digital printer 

An X-Y recorder 

© Calibration and reference stan- 

dards equipment. 

Typical core outputs that will be 

measured are: 

¢ uV1 — undisturbed ONE output 

e dV1 — read disturbed ONE out- 

put 


e dVz — write disturbed ZERO 
output 

® t, — switching time of ONE out- 
put 


e@ t, — peaking time of ONE out- 
put.* 

The purpose of this core test setup 
is three-fold. The actual core outputs 
are used for AQL testing, the gen- 
eration of tag samples for correla- 
tion with customers, and statistical 
trend analysis. All of these test pro- 
cedures, described in detail in Table 
1, require that the individual core 
outputs be measured and recorded. 
In some cases, the actual cores are 
associated with their data outputs. 
Since the test results are printed out 


Fig. 1 Author Frank Greene 
operates the new automatic 
core test setup. 
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FRANK S. GREENE, JR., Senior Engineer, 
Fairchild/Memory Products, 
Mt. View, Cal. 


In contrast to conventional range testing, this new 


core test setup automatically measures the actual core outputs 


for a more thorough analysis of core quality. 


on paper tape, they are immediately 
available to an operator for interpre- 
tation. Also, this data is used to 
plot core output distributions or it 
is sent to customers in the case of 
tag samples. Cores are serialized 
such that they can be tagged with 
their individual results. The ac- 
curacy of the automatic test setup 
is within 1% of that obtained using 
standard calibrators for the same 
core measurements. A photograph 
and a block diagram of the core test 
setup are shown in Figs. 1 and 2 
respectively. 


Operation of the New Tester 


The measuring technique with the 
new tester is as follows. If the cores 
are to be serialized, a prepunched ad- 
hesive tape is first placed on a man- 
ual core jig sticky side up. A core 
is then placed above the tape, the jig 
is closed and the measurements are 
automatically made. If the cores 
are not to be serialized, a manual 
core jig or an AQL handler is used. 
The core is pulsed using a program 
generated by the programmed pulse 
generator. A typical pulse program 
is shown in Fig. 3. 

The numbers below the pulses in 
Fig. 3 indicate the program step 
at which the pulse occurs. If for 
example, a dV1 core output is to be 
measured, the scope is synchronized 
on program step 7. The sampling 
scope now measures the average of 
ten sweeps of the core output before 
a print-out is made. After a print- 
out the programmer sequences to 
the next program card, that could 
be, for example, a switching time 
measurement. If this is the switch- 
ing time of a uV1 core output, the 
scope sync is changed to program 
step 2. Fig. 4 shows the relationship 


TABLE 1 
TEST PROCEDURES WITH ACTUAL CORE OUTPUTS 


AQL TESTING 


Although cores are 100% tested with an 
automatic core tester, AQL testing is still 
necessary to guarantee certain quality 
levels. Usually AQL testing is a manual 
process where each core is_ individually 
checked on a scope by a technician. This 
introduces an element of human error. 
With the automatic core test setup, the 
measurements are all made by a sampling 
scope with a much more repeatable error 
characteristic. One industry standard now 
is 0.015 AQL as defined by MIL-STD-105D, 
Inspection Level Il. The table below gives 
sample sizes and acceptance levels for an 
0.075 AQL: 


No. of 


Lot Size Sample Size 
Rejects 
10,000-35,000 315 t) 
35,000-150,000 500 0 
150,000-500,000 800 0 
over 500,000 1200 1 


A 250,000 core lot indicates a sample size 
of 800 cores with no rejects allowed to 
pass the 0.015 AQL level. Typical core 
measurements are uVI, dVI, dVz, ts, and 
tp. In a typical AQL test procedure N 
samples are randomly selected from a 
shipment lot. The number N is obtained 
from the above table; for instance, for a 
250,000 core lot, N would be 800 cores. 
Eight-hundred cores are then tested with 
an AQL test setup. AQL test data is gen- 
erated in one of two ways. 

1. The cores are loaded one at a time on 
a manual core jig, the actual core outputs 
printed out and each core serialized. This 
can be very time consuming and costly, 
because of the labor involved in handling 
the cores. 

2. Alternately, an AQL core handler is 
used to select the cores. An AQL handler 
is a modified high-speed automatic core 
handler that selects cores singly under 


operator control. It contains both accept 
and reject bottles for the tested cores. 
Since the individual core outputs are avail- 
able, the rejected cores can be removed 
from the reject bottle and tagged with 
their data. This AQL test technique is 
faster because the amount of manual core 
handling is greatly reduced. 


TAG SAMPLES 


The purpose of tag samples is to establish 
and maintain tester correlation with cus- 
tomers. It is vitally important that agree- 
ment be maintained on the level of qual- 
ity of cores being received by customers. 
Tag samples are routinely furnished with 
each core shipment. A typical tag sample 
contains 10 cores with their associated 
data. Although tag samples may seem 
unnecessary once correlation has been 
established, tag samples are very useful 
in maintaining correlation and also in giv- 
ing another check on the shipment of 
cores that is actually going to a customer. 


STATISTICAL TREND ANALYSIS 


A continuing problem of statistical anal- 
ysis is obtaining enough samples to be 
representative of an entire lot. Not only 
are numbers of cores important, but ac- 
curate measurements have to be made; 
range testing is not sufficient. With the 
test setup described here, data on large 
numbers of cores is conveniently obtained 
for distribution plots. The data is printed 
out on paper tape and sent to a computer 
facility for reduction and distribution plot- 
ting. The data obtained during AQL'ing is 
used to generate the distribution plots. 
These plots are used both as feedback to 
core production and to marketing for price 
adjustments when special orders require 
only a part of the normal distribution. 
These distributions measured over a long 
period, for a particular core type, are a 
good measure of both the long and short 
term uniformity of the cores. 


a7 
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10% Ir 


Core 


Output? 
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TYPE” 262 
PROGRAMMER 


Ambient Temp. 
Controlled to 
+1°C 


CALIBRATION & 
REFERENCE 
STANDARDS 


Fig. 2 Block diagram of automatic core tester. The 
basic parts are a Computer Test Corp. (CTC) Model 
1700 programmed pulse generator, a Tektronix 567 
oscilloscope with a Type 262 Programmer, a digital 
printer, and calibration and reference standard equip- 
ment that typically consists of a Computer Test Corp. 
Model 1085 Calibrator, a time mark generator, and a 
signal generator. 


Fig. 3 Core test pulse pattern. 


Time at 10% uV, 
or 10% dV, 


Fig. 4 Read current and core output. 


DIGITAL 
PRINTER 


of the core output to the read cur- 
rent pulse. As many as eight dif- 
ferent preprogrammed measurements 
are available with the type of pro- 
grammer used in this tester. The 
test time for seven core measure- 
ments including print-out is approxi- 
mately one minute. 

Basic to any core analysis is an 
accurate description of the test cur- 
rent pulses, especially the read cur- 
rent pulse. The linearity, overshoot 
and corner deviation must be ac- 
curately measured in addition to the 
amplitude. The Tektronix 567 op- 
erated in the manual scan mode is 
used to generate signals for an X-Y 
recorder to make 11” x 16” plots of 
the read current. From these plots, 
measurements of the overshoot, lin- 
earity, and corner deviation with a 
2% to 3% accuracy can be made. 
This is impossible to do visually from 
the face of an oscilloscope. Fig. 5 
shows the outputs of the automatic 
core test setup. They include a tag 
sample that is serialized, a print-out 
from the digital printer of the core 
outputs, and drive current wave- 
forms as obtained from the X-Y 
recorder with typical measurements 
illustrated. 

Other measurements that are 
made with the same test setup (more 
accurately than can be measured 
visually from the face of an oscillo- 
scope) are the pulse program’s rise 
time, fall time, and duration. This 
facilitates adjusting the core tester 
from one test program to another. 
This setup can also be used for*the 
selection of matched calibrated cores 
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SERIALIZED TAG SAMPLE 


PRINT OUT 
OF CORE 
OUTPUTS 


DRIVE CURRENT WAVE FORMS - XY RECORDER 


Fig. 5 Outputs of automatic core tester. 


that are required in_ production 
automatic core testing. This is es- 
pecially true when multiplexed core 
handlers are operating with an auto- 
matic core tester. 


Summary 


An automatic core test setup has 
been described that accurately mea- 
sures and records the actual core 
output. The core data obtained is 
extremely valuable for AQL testing, 
tag samples, and parameter distribu- 
tions. Since all of the core outputs 
are measured with a programmed 
sampling scope, the element of un- 
predictable human error is elimi- 


nated. END 
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the Series N can print 10,000,000 
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use ... that you end up paying for). 
When compared to printers using rib- 
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Based on an example that is real, relevant, and 


EDITOR’S NOTE: 


sufficiently simple, here is a clear, straightforward 


explanation of an important logic minimization technique. 


The minimization of Boolean functions of six or more 
variables is a unique and interesting problem because 
map methods, which are fast and reliable for prob- 
lems involving functions of fewer variables, become 
cumbersome as the number of variables increases. Dif- 
ferent and more systematic techniques must be con- 
sidered for these problems. 

The Quine-McCluskey method is an important tech- 
nique for three reasons: (1) it is completely systematic, 
that is, all minimal representations of the functions 
can be found; (2) it is a practical hand method for 
solving problems involving six or more variables; and 
(3) it is the basis for many of the computer programs 
now available for logic minimization. 

This article explains Quine’s original method and 
then gives McCluskey’s important improvements. ‘Three 
notations are given (algebraic, binary, decimal) so that 
the reader can clearly see the similarities between and 
advantages of the various notations. 


Quine’s Method 


The method developed by Quine is a two step process. 
First, all prime implicants are found by an exhaustive 
comparison of algebraic minterms of the function to 
be simplified. This comparison looks for pairs of 
minterms that differ in only one variable such as: 
A BC D, A BC D 

This pair can be immediately combined to form the 
term AC D because AC D (B+B) = ACD. 
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After each minterm has been compared with every 
other minterm, the process is continued with the new 
group of terms just formed. Any term combined into 
a new term is checked off the list indicating that it is 
not a prime implicant. 

When the comparison process is completed, all prime 
implicants have been formed, and the next step is to 
select a group of these to form the simplified expression. 
This selection is accomplished with a prime implicant 
table as shown below: 


PRIME 
Sto Pe Ceres <— MIN- 
CANTS| ABC D|ABCD TERMS 
AEG: Ns ae 

A BD ie. 


An X in the chart indicates that the corresponding 
minterm is included in the corresponding prime im- 
plicant. 

After the chart is filled out, all columns are scanned 
to find those having only a single X. Such a condition 
ineans that the minterm is only included in one prime 
implicant, thus that prime implicant is essential and is 
so marked with an asterisk. It must be included in 
the final expression. 

Next, all minterms that are included in the essential 
prime implicants should be indicated by circling all X’s 
in their columns. 

Any minterm not included in the essential prime im- 
plicants must be included in the simplified function by 
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DONALD E. REA, Group Engineer 
General Dynamics/Pomona, Pomona, Cal. 


including one or more non-essential prime implicants 
along with the essential ones. 

To illustrate Quine’s method consider the following 
problem : 
Design a switching network whose inputs are BCD 
digits in the excess-three code and whose single out- 
put is logical 1 if the input is a legitimate excess-three 
digit. 

The standard-sum expression for this function is as 
follows: 

F=ABCD+ABCD+ABCD + 

ABCD+ABCD+ABCD+4+ABCD 

+ABCD+ABCD+ABCD 

Note that the terms are given high-order-first, that 
is, A is the 2° bit. The first step is to list the above 
terms in a column and _ systematically compare and 
check off combined terms: 


ABCD ACD > AB nf 
ABCD >BCD + AB jae 
ABCD ABC 
ABCD ABD 
ABCD - BCD 
ABCD ABD 
ABCD ABC 
ABCD ABC > AB > 
ABCD ABD AB jess 
ABCD ACD 

ABD 4 

ABC 


Now continue with the new list as shown in the right- 
hand column of figure above. When the process can be 
carried no further, the unchecked terms are prime im- 


plicants: A CD, B C D, BC D, AC D, AB, A B. 


Now the prime implicant chart can be drawn: 
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State College with a B.S. in 
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University of California, Berke- 
ley with an M.S. in Engineer- 
ing Science in 1961. 
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Note that A B and A B are essential, thus we circle 
all minterm entries included by these two prime im- 
plicants. 

The only entries not circled by this process are those 
of the minterms A B C D and A B C D. These can 
be included in the simplified expression by including 
ACDorBCDandBCDorACD. 

Thus, four minimal solutions exist, each consisting 
of the essential prime implicants plus one of the four 
combinations of the needed non-essential prime impli- 
cants. These expressions are: 


FS = AE-+ AGCHs BCH 
Y= ARS AS + ACD? ACH 
FHAD 4+ “AB+ BED + BED 
Ps AB oa AB BOR st AD 


Except for the possibility of factoring, these four ex- 
pressions are equally simple. 

While this simple problem could easily be solved 
using map methods, the important point is that Quine’s 
method is completely systematic and, by using it, all 
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equivalent sum-of-products expressions containing no 
redundant terms can be found. Also, the method is 
equally applicable regardless of the complexity of the 
problem. 


McCluskey’s Method 


McCluskey noted that many of the comparisons made 
in Quine’s method are unnecessary since for some of 
these comparisons, terms cannot possibly be combined. 
An example of such a case would be: 
AB GOD, APCD 

Since two variables differ, these two minterms cannot 
combine to eliminate a variable. 

In order to eliminate the need for making these 
needless comparisons, McCluskey introduced a binary 
notation for minterms as follows: 


Form a binary number designator for each minterm 
replacing complemented literals with a 0 and non-com- 
plemented literals with a 1. Every minterm has a 
unique binary designation. 


EXAMPLES: A BC D converts to O111 
A BC D converts to 1001 


McCluskey further noted that for a minterm with 
X numbers of binary 1’s in its designator, that minterm 
need only be compared with minterms having X + 1 
binary 1’s in their designators since all other minterms 
must differ by more than one variable. 

Therefore, the first step in McCluskey’s method is 
to convert all minterms into their binary designators 
and list these in a column in groups according to the 
number of binary 1’s in their designators. The logic 
behind this step is that when the terms are so ordered, 
the terms of one group need only be compared with the 
terms in the groups on either side. 

As an example, consider the previous problem. The 
equivalent expression using binary designators is: 


F = 0011 + 0100 + 0101 + 0110 + 0111 + 1000 
+ 1001 + 1010 + 1011 + 1100 


Ordering these terms in accordance with McCluskey’s 
rule yields: 


The comparison process is quite easy with the binary 
designators, as we merely look for pairs of numbers 
differing by only one bit. When such a pair is found, 
the numbers involved are checked off as before and the 
combined term is written with a blank in the differing 
bit position to indicate that the variable has been 
eliminated by the combination process. 

The comparison process starts by comparing the num- 
bers in the first group with those in the second. When 
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this step is completed a line is drawn under the newly 
formed combined terms, and the numbers in the second 
group are compared to those in the third, etc. 

The same comparison process is applied to the newly 
formed groups. It is important to note that in order 
for two numbers having blanks to be combined, the 
blanks must be in the same bit positions and the num- 
bers must differ in one bit position. For example: 
01-1 and -111 cannot be combined while 01-1 and 00-1 
can be combined to form the term 0-- 1. 

When the comparison process cannot be carried fur- 
ther, all prime implicants have been formed, and the 
next step is to build a prime implicant chart. The use 
of the chart is identical in Quine’s and McCluskey’s 
methods. 

After the simplified expression has been found, it can 
be reconverted to algebraic notation. 

The same example is fully worked out below using 
McCluskey’s methods: 


0100 olo- ol-- 4 
Gl=s 
1000 Ol-0 ol-- 


ool! -100 
ol0l 100- l0-- 
ollo 10-0 to. 3 ae 
ool 1-00 
1010 O-II 
1100 -Oll 
oll! ol-I 
1011 Oll- 
10-1 
lol- 


The prime implicants are then -100, 1-00, 0-11, -011, 


O1--, and 10--. The prime implicant table can now 
be formed: 
Be85528858 
-100 ® x 
1-00 ) x 
O-1 | x ® 
-Oll | x &) 
-01-- | ®@B® 
nib ® © ® @ 


Now the essential prime implicants are identified 
and all X’s of minterms included in essential prime 
implicants are circled. 

The simplified expressions are: 

F = 01-- + 10-- + 0-11 + -100 
F = 0O1-- + 10-- + -011 + -100 
F = 01-- + 10-- + 0-11 + 1-00 
F = 01-- + 10-- + -011 + 1-00 


which are equivalent to the solutions obtained before. 
McCluskey’s Method 
with Decimal Notation 


Even further improvement in the methods previously 
described can be achieved by adopting a decimal no- 
tation. In this notation, the decimal number equiva- 
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lents of the binary designators will be used. Thus the 
symbology A BCD, 0101 and 5 are all equivalent 
representations for the minterm A B C D. The func- 
tion of the example problem could be written: F = 
34+445464+7+4+8+49+410+11412 or, more compact- 
ly, F = 3(3,4,5,6,7,8,9,10,11,12). 

The ordering of minterms takes place as before, thus 
the example problem would be ordered: 


NODVAU W/O hb 


11 

As an aid in solving problems in decimal notation, 
the following chart gives all possible 6 variable min- 
terms grouped according to the number of binary 1’s 
in their equivalent binary designators. An extension of 
this chart (up to 7 variables) is contained in Appendix 
2 of Reference 1. 

Chart for ordering 6 variable problems. 


Number Minterms 
of I's 
0 0 
1 1, 2, 4, 8, 16, 32 
2 3, 5, 6, 9, 10, 12, 17, 18, 20, 24, 
33, 34, 36, 40, 48 
3 7, 11, 13, 14, 19, 21,. 22, 25, 26, 26, 
35, 37, 38, 41, 42, 44, 49, 50, 52, 56 
4 15, 23, 27, 29, 30, 39, 43, 45, 
46, 51, 53, 54, 57, 58, 60 
5 31, 47, 55, 59, 61, 62 
6 63 


The comparison process initially looks for pairs of 
minterms that differ by an integral power of 2 such as 
1, 2, 4, 8, 16, 32, etc. Note that this is exactly equiva- 
lent to looking for pairs of binary numbers which differ 
in only one bit position. 

When such a pair of decimal numbers is found they 
are grouped together, the individual numbers are 
checked off, and the difference is placed in parentheses 
after the pair to indicate which variable had been 
eliminated. Thus the following combining operations 
are exactly equivalent: 


ABC + BCD UINE’S METHOD 
ey ; 


olol_ +—+ -I0) 
1101 


5 7: es 5, 13 (8) 
13 


McCLUSKEY’S BINARY 


McCLUSKEY’S DECIMAL 


While making comparisons in the minterm column, 
some additional needless comparisons can be eliminated. 


If a number, X, in one group is being compared to all 
numbers in the next group, there is no need to compare 
X with any numbers smaller than X. The reason why 
no such valid comparison can take place can be seen 
from the following argument: 


Let X be a number in the group having 2 binary ones. 
All numbers in the next group have 3 binary ones. In 
comparing X with any number, Y, having 3 binary 
ones, the additional one in Y constitutes a differing 
variable. Consequently, in order for a comparison to 
take place, all other bits in X and Y would have to be 
identical. If this is the case, then it is clear that Y must 
be larger than X. 


After all possible combinations of minterms have 
been formed, the process continues by comparing pairs 
of minterms. Only pairs having the same number(s) in 
parentheses can be combined, and for two pairs to com- 
bine to form a group of 4 minterms, the first numbers 
of each pair must differ by a power of two. 

A further improvement which the decimal notation 
allows is the elimination of duplicated terms. This can 
be accomplished by only combining groups which result 
in an increasing series of numbers. For example, the 
term 4, 5, 6, 7, (1, 2) would be accepted while the 
redundant term 4, 6, 5, 7 (2, 1) would be thrown out 
by the above rule. 

When the combining process is completed, all un- 
checked entries correspond to prime implicants. The 
next step is to draw the prime implicant chart, identify 
the essential prime implicants, and finally write down 
the simplified expression. 

This last step requires decoding the decimal notation 
of prime implicants back to algebraic form. This can 
best be done by converting first to binary form then to 
algebraic form. An example will illustrate this process. 

To convert the term 5, 13 (8) we note that the (8) 
means that the variable corresponding to decimal 8 is 
blank. Thus, if we simply write the term corresponding 
to either 5 or 13, and then throw out the 8 term we 
will have the correct term. 


Term 5 = 0101 = ABCD 
Term 5, 13 (8) =. -101 = BG D 


To clarify the decimal notation method, the example 
problem will again be worked out. 


F = 3 (3, 4, 5, 6, 7, 8, 9, 10, 11, 12) 
4, 5 (1) 4, 5, 6, 7 (1, 2) 
4, 6 (2) 8, 9, 10, 11 (1, 2) 
4, 12 (8) 

8, 9 (1) 

8 

3 

5 


= 


~ 


~ 


12 (4) 
7 (4) 
, 11 (8) 
7 (2) 
6, Z (1) 
9, 11 (2) 
10, 11 (1) 


- 


10 (2) 
8 
3 


~ 


- 


The prime implicants are 4, 12 (8); 8, 12 (4); 3, 
7 (43 3,11 (8)s 4 5,6, 7 (Gg, 2), arid. 8: 9. 10" dts 
(1, 2). Again the prime implicant chart is formed: 
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6-DIODE 


Ultra-fast, silicon Planar epitaxial core driver arrays 
Fairchild 16-diode arrays offer performance characteristics unmatched by any other currently avail- 
able. These arrays consist of 8 common anode and 8 common cathode diodes, interconnected in a 
single package. Other array configurations may be ordered with any number of diodes from 2 to 16. 
You can get Fairchild 16-diode arrays in TO-5 cans (FSA1412), 144”x14”" Flatpaks (FSA2000), or in a 


configuration using discrete microdiodes. All three are hermetically 
PAIRCHILD 


sealed and offer excellent thermal conductivity, which permits opera- 
PR Sore Ae 
SEMICONDUCTOR 


tion to 400mW. Evaluation quantities are now available. Call your Fair- 
child Distributor or write for detailed specifications. 


DC forward current (Ir) 
Recurrent forward peak (i) 
Reverse current (In). ....... 


Reverse current (Ik2) (TA=150°C) ... 


Capacitance (C) 

Reverse recovery time (T.-:) 
Reverse recovery time (T,.2) 
Operating Temperature (T) 


<330mA 

* <800mA 
...<100nA (Ve= —40V) 
.. <100pnA (Ve= —40V) 

. . <8.0pf 


.. <25nsec. (lr=lk=10 to 200mA) 


<90nsec. (l-=300mA Ik=60mA) 
65°C to 175°C 


Planar is a patented Fairchild process. 
FAIRCHILD SEMICONDUCTOR /A Division of Fairchild Camera and Instrument Corporation @ 313 Fairchild Drive, Mountain View, California (415) 962-5011 ™@ TWX: 910-379-6435 
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4|s|3/5|/6]9|toji2| 7] 
eae | | ee 
=P 
4, 12 (8) |X) | | x 
= | | 
8, |2 (4) ® | xX 
3, 7, (4 | X 3) | 
3, II (8) x | 1@| 
| | aol te ae 
x4,5,6,7(1,2) |(® ®|® nc) 
2 z- 
*8, 9, 10, II (1,2) ®) CONICS) | ®| 
F = 4, 5, 6, 7 (1, 2) + 8, 9, 10, 11 (1, 2) + 3, 7 (4) + 4, 12 (8) 
F = 4, 5, 6, 7 (1, 2) + 8, 9, 10, 11 (1, 2) + 3, 7 (4) + 8, 12 (4) 
F = 4,5, 6,7 (1, 2) + 8, 9, 10, 11 (1, 2) + 3, 11 (8) + 4, 12 (8) 
F = 4, 5, 6, 7 (1, 2) + 8, 9, 10, 11 (1, 2) + 3, 11 (8) + 8, 12 (4) 


Converting the prime implicants will result in the 
same four equations as before. 


The Prime Implicant Chart 


The selecting of the best group of non-essential prime 
implicants to complete a function is not always easy 
merely by inspection of the prime implicant chart. 
However, a systematic method is available for writing 
down all possible solutions from which the best one can 
be selected. 

Consider the prime implicant chart shown below 
where the prime implicants have been given letter 
designations for identification purposes. 


| | 

rofl Moa ES io | 12 13 | 14} 19 [23] 25] 26] 27} 28 | 31 | 

1 eee | 
ee Eee ee 
| 

*B ®) | ® | | 

eee Pe | het | 
Cc |X x 
+— + ote an } + + = 
* 
: = ees a el 

*E a ll ile | | |@| | 

| 7Omm 
: He ! mal : Nee 
G | x |®) 

— eet fi =o + — —} t— —}+— 4 
: @lx| ele | 
x a hl cd | | Le) 

«x | [| [@l_ 2 oy ea 

md iors a aa: @j@!] | 1@] |@) 

The essential prime implicants include all minterms 


except 9, 25, and 26. Minterm 9 can be included with 
prime implicant C or H, 25 with prime implicant C 
or F, and 26 with D or G. Or, stated another way, 
the function must consist of: A and B and E and I 
H, and C or F, and D or G. This 
statement can be directly translated into a 


and J, and C or 
Joolean 
function: 
A BEI J (C+H) (C+F) (D+G 
When fully expanded with redundant terms removed 
by application of the theorem X+XY 


sion represents all possible non-redundant, minimum, 


X, this expres- 


sum-of-products solutions to the problem: 

ABEIJ (C+H) (C+F) (D+G 

ABEIJ (C+CH+CH+FH (D+¢ ABEI] 
C+FH) (D+G (ABEIJC + ABEIJFH) (D+G) 
ABETJCD ABEIJCG ABEIJFHD ABEIJFHG 


Thus, we have 4 solutions to the problem. Of these, 


2 require 7 prime implicants, and 2 require 8 prime 


Thermocouple Reference Junctions with 


stability 


INTERCHANNEL 
UNIFORMITY 


REFERENCE 
TEMPERATURE 
ACCURACY 


e up to 100 channel capacity 
® noise less than 2pv 


e virtually infinite 
interchannel isolation 


=» any reference temperature from 
HOT models: 25°F above ambient to 250°F. 


ICE POINT models: 32° reference temperature 


* (ice bath equivalent) 


For details, write to: 
Consolidated OHMIC DEVICES, INC. 


900 Third Ave., New Hyde Park, N. Y., tel. (516) 488-1606 
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Send today for complete information on 
the only readout that works like a rear- 
projector, uses film to display anything 


(even colors!), gives you 12 message 
positions all in a single plane, and plugs 
in and out from the front for quick lamp 
replacement. All that and it’s only 114” x 
1-1/16"! Just think what its bigger 
brothers can do... 


INDUSTRIAL ELECTRONIC ENGINEERS, INC. 


7720 Lemona Avenue ¢ Van Nuys, California 
Phone: (213) 787-0311 * TWX (213) 781-8115 
©1965 ice Representatives in Principal Cities 
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IS YOUR 
SYSTEM SPECIAL? 


If so, use an input device designed to mate with it. 


The typewriters furnish hard copy from a fully 
interlocked keyboard. You can have coded or uncoded 
input, together with 20 or more extra function keys 
and make selection from up to 50 special options that 
our customers use to reduce the cost of system 
electronics. 


The keyboards have single 
character memory ¢ switch 
closure output with adjustable 
timing ¢ easily changed 
mechanical coding e power 
assist ¢ light touch e AND 
20 character per second 
non-ambiguous data rate. 


Model KB-100 
input-output computer typewriter 
(Graphic Arts Computer Special) 


Write for information on 
input-output typewriters e 
data loggers e« keyboards 
e keyboard perforators, 


and low cost tape printers. 


CONNECTICUT 
TECHNICAL 


corporation 


Model KBP-100 
Keyboard perforator 


3000 MAIN STREET 
HARTFORD, CONNECTICUT 06120 
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NEW BEAM EMITTERS 
ACTIVATE PHOTOSENSORS 


This new family of beam emitters, designed to activate 
photosensors, projects a narrow, intense and uniform cone 
of energy to an area approximately %” in diameter at a 
distance of 12”. 

The lens-end lamps and auxiliary lenses are assembled 
in threaded metal shells complete with hex nuts and lock 
washers for adjustment and easy mounting. 

These features, plus the moderate cost and 10,000 hour 
life expectancy, make them ideal for use in optical limit 
switches, 

Also available for encoders, tab card readers, etc., is a 
series of lens-end lamps packaged in gold plated brass 
sleeves that can be mounted on .25” centers. 


WRITE FOR COMPLETE INFORMATION 


CHICAGO MINIATURE g LAMP WORKS 


4443 Ravenswood Ave., Chicago, Ill. 60640 
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TABLE 1 


DEFINITIONS OF SOME SWITCHING 
THEORY TERMS 


Minterm — A product term in which each func- 
tion variable appears in either the 
normal or complemented form. A 
function expressed as a sum of min- 
terms is in standard form. 


Implicant — A product term formed by combin- 
ing two or more minterms so that 
one or more variables drops out of 
the expression. Essentially the same 
as a subcube on the Karnaugh map. 


Prime — Simply an implicant which cannot 

Implicant be contained in another implicant. 
The map analogy would be a sub- 
cube which cannot be contained in 
a larger subcube. 


Essential —A prime implicant which must be 
Prime used in the simplified expression by 
Implicant virtue of the fact that it is the only 


prime implicant that contains a par- 
ticular minterm of the original func- 


tion. 
Prime — A table of prime implicants versus 
Implicant minterms whose entries indicate 
Table which minterms are included by 


each prime implicant. 


implicants. Thus, the simplest expression for the func- 
tion would be: 

A+B+C+4+D+E+I14+J or A+B+C+E+G+I+J 
where A through J are letters which identify the prime 
implicants on the prime implicant chart. These prime 
implicants would have to be converted back to alge- 
braic form to get a Boolean expression for the sim- 
plified function. 


Optional Terms 


Any of the methods described can handle “don’t care” 
or optional terms with no difficulty. In this case, all 
optional terms are included in the list of minterms when 
the prime implicants are being formed. When the prime 
implicant chart is made, however, only the essential 
minterms are included. This process assures that the 
optional terms will be used to best advantage. 


REFERENCES 


1. “The Logic Design of Transistor Digital Computers”, 
Maley and Earle, pp. 53-56 and pp. 92-97. 


2. “Switching Circuits and Logical Design”, Caldwell, pp. 
145-158 and pp. 162-169. 


3. “Logical Design of Digital Computers”, Phister, pp. 68-75. 
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NASA TECH BRIEF 


A SUMMARY OF A SPECIFIC TECHNICAL INNOVATION 
DERIVED FROM THE SPACE PROGRAM. ISSUED BY 
THE TECHNOLOGY UTILIZATION DIVISION OF NASA. 


Simple Circuit Produces High-Speed, Fixed Duration Pulses 


THE PROBLEM 


To generate an output pulse of fixed duration from 
a variable duration input pulse ranging from 50 to 
several hundred nanoseconds. Prior art differen- 


Constant Current 
Generator 


Output 


= 
I 
| 
| 
1 
! 
| 
a 


aE 


Fixed Duration 
Output Pulse 


Input 


Inductor 


| 
' ' 
1 


Variable Duration 
Input Pulse kod 


tiated the input pulse to obtain a trigger pulse to 
be applied to a monostable or blocking oscillator. 
This method requires complex circuitry that con- 
sumes a relatively large amount of power. 


THE SOLUTION 


A circuit consisting of a tunnel diode in parallel 
with an inductance driven by a constant-current 
generator. Input pulses of variable width in the 
nanosecond range yield output pulses of fixed width. 


HOW IT’S DONE 


The variable duration pulse applied to the input 
of a constant-current generator, as shown in the 
accompanying diagram, allows a current to flow 
through a parallel network. When this current is 
first applied to the parallel network, the initial high 
impedance of the inductor causes the entire current 
to flow through a tunnel diode. This current is ad- 
justed to be greater than the peak current of the 
tunnel diode, causing the tunnel diode to switch to 
its high-voltage state. Current through an inductor, 
initially zero, increases with time and the tunnel 
diode current and voltage decrease until the valley 
point of the tunnel diode is reached, causing it to 
switch to its low-voltage state. Because the induc- 
tor now has a relatively low impedance, the output 
voltage will be approximately zero for the duration 
of the input pulse. 


NOTES 


1. Close control of output pulse width is easily 
accomplished by varying the value of the inductor. 
2. This circuit should be of interest to designers of 
computer and pulsed communications equipment. 
3. Inquiries concerning this invention may be di- 
rected to: Technology Utilization Officer, Goddard 
Space Flight Center, Greenbelt, Maryland 20771, 
Reference: B65-10228. 


PATENT STATUS 


NASA encourages the immediate commercial use of 
this invention. Inquiries about obtaining rights for 
its commercial use may be made to NASA, Code 
AGP, Washington, D.C. 20546. END 


MAGNETOSTRICTIVE 
DELAY LINES 


Deltime, with over a decade of experience in precision 
magnetostrictive delay line technology, offers models to fill 
virtually every delay requirement. Complete input-output circuit 
modules for carrier and RZ or NRZ digital systems ... torsional, 
longitudinal, tapped and adjustable models as well as high 
vibration and shock withstanding delay lines for airborne 
applications are included in the standard line. 

If your application requires a signal delay or extremely 
economical delay line memory element, contact us, our application 
engineers are at your service...or write for our complete 
technical catalog. 


SUB-SYSTEMS DIVISION 


SEALECTRO 


CORPORATION 


(B HOYT STREET + MAMARONECK +» NEW YORK 
PHONE 914 698-5600 TWX: 710-566-1110 


[SEALECTRO| Sealectro Ltd., Portsmouth, Hants, England 
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NEW PRODUCTS 


INCREMENTAL RECORDER 


New incremental digital recorder ac- 
cepts randomly occurring digital data 
at rates from zero to 200 steps per 
second for the automatic preparation 
of 200-bit per inch magnetic tapes of 
computer compatible format. Price 
of the new model, the PI-1167 is 
$3,650. According to the company, 
previous digital recorders with this 


performance cost approximately 
$6,000 or more. With solid-state 


electronics, the compact recorder also 
can record digital characters received 
synchronously at 500 steps per sec- 
ond. The PI-1167 uses 10%-inch 
reels of standard one-half inch com- 
puter tape to produce a seven-chan- 
nel NRZ format digital tape. In- 
ternal electronics automatically gen- 
erate inter-record gaps, parity check 
characters, end-of-file gap and tape 
mark. Precision Instrument Co., Palo 
Alto, Cal. 


Circle No. 120 on Inquiry Card 


SHAFT ENCODING SYSTEMS 


Precision shaft angle-to-digital and 
digital-to-shaft angle conversion sys- 
tems utilize a solid-state resolver/ 
synchro. The new resolver/synchro 
is said to be extremely versatile be- 
cause it can use CX, CT, CDX, or 
any resolver or synchro configuration 
and requires no modification of exist- 
ing equipment. The resolver/synchro 
generates sine and cosine trigono- 
metric conductances as a function of 
a linear digital angle, and has a re- 
sponse time within 5 usec. (or less) 
of the digital change. Typical per- 
formance characteristics include an 
accuracy to 20 bits with resolution 
greater than 20 bits. The analog in- 
put can be any voltage and any fre- 
quency up to 10 ke. The digital 
input/output can take any digital 
format. Reeves Instrument Co., Gar- 
den City, N. Y. 


Circle No. 122 on Inquiry Card 
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DIGITAL PRINTER 


Low-cost digital printer operates on 
a counting principle thus avoiding 
the problem of precise synchroniza- 
tion circuitry. Upon applying a 
binary code, the printer quickly 
counts to the decimal equivalent 
indicated by the code and prints out 
with one operation of a platen. All 
columns are printed simultaneously. 
Print speed is 1 line per second. 
Number of columns is from | to 20. 
The unit measures 7” H x 19” W x 
15” D and may be rack or table 
mounted. Typical cost of an eight- 
column printer is less than $900. 
PH Electronics, Clifton Heights, Pa. 
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CALCULATOR/COMPUTER 


A new auxiliary program memory 
storage unit greatly expands the 
computational capabilities of an elec- 


Called 


Program 


tronic calculator/computer. 
the APS (for 


the new unit in conjunc- 


Auxiliary 
Storage) , 
tion with the company’s standard 
desk top calculator/computer pro- 
vides 48 to 88 individually address- 
able storage registers plus 480 steps 
of program memory. Data, formulas, 
and programs are entered directly 
through a simple calculator-type key- 
board using ordinary algebraic Jan- 
guage including parentheses. Up to 
18 prewired programs, of 48 steps 
each, may be incorporated into the 
unit and entered automatically by 
the program or with a touch of a 
button. Decimal points are located 
automatically and all answers are 
printed out to 8 or 9 significant digit 
accuracy with a 2 digit power of 10 
exponent. In addition to the storage 
registers and program memory, 5 
separate registers are used for arith- 
metic manipulations. Number ca- 
pacity is 100 columns. Optional ac- 
cessory units include a paper tape 
punch and reader with page printer, 
remote location keyboard, and direct 
entry punched paper tape reader. 
Mathatronics, Inc., Waltham, Mass. 
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VARIABLE-TC CAPACITOR 


Adjustable temperature co-efficient is 
the unique feature of a new 2.3 pF 
capacitor known as the Thermotrim- 
mer. Although the component looks 
like a differential air-spaced trimmer 
with a ceramic base, adjustment of 
the rotor alters not the capacitance 
but the temperature co-efficient, to 
any desired value from +1700 ppm 
through zero to —1700 ppm. Ca- 


pacitance changes linearly with tem- 
perature. The variation at maxi- 
mum + co-efficient is from 2.3 pF 
at 20C to 2.6 pF at 100C. A similar 
negative co-efficient is produced sim- 
ply by turning the rotor through 
180°. Thermal compensation of an 
oscillator which incorporates a Ther- 
motrimmer is quickly achieved, the 
manufacturer claims. The frequency 
After 
warm-up, the oscillator is re-tuned 


is noted upon switching on. 


to its original “cold” frequency by 
adjustment of the Thermotrimmer. 
This one adjustment provides a high 
degree of compensation and elimi- 
nates the need for tedious capacitor 
substitution. The Thermotrimmer 
measures 0.6” x 0.4” x 0.4”. BREL 


Corp., Washington, D. C. 
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Direct photoelectric encoding 
is one of the major reasons 
for the extreme reliability of 
Invac’s new Universal Photo- 
electric Keyboard. There are 
no switches and no compli- 
cated diode matrix. The prob- 
lems associated with contact 
bounce and RFI are elimi- 
nated. Keyboard touch (oper- 
ator feel) compares favorably 
with that of the best type- 
writers. A unique mechanical 
interlock prevents depression 
of more than one key at a 
time, for all banks. 


New 


joins 
the Invac 
family of 
highly reliable 
Peripheral 
Equipment 


. Tapes Punches 
100,000,000 operations 

. Photoelectric Tape Readers 
no motors...no clutches 

. Input/Output Typewriters 
transmit and receive data 
in coded form 

. Tape Systems 
for Off-Line and On-Line 
Applications 

Write for Data Sheets 


The basic Invac Keyboard is a 
self-contained unit with 10 to 
75 keys which generates di- 
rectly any binary code up to 
8 bits including ASCII. In 
addition to the 8 data chan- 
nels, a strobe and a spare 
channel are also provided. 
Output data is parallel by bit, 
and serial by character. Burst 
speeds of greater than 20 
characters per second are 
possible. When desired, the 
keyboard can be integrated 
into a console. 


IT'S INVAC FOR ADVANCED PERIPHERAL EQUIPMENT 


INVAC 


CORPORATION 


26 Fox Road, Waltham, Mass. 02154 Tel. (617) 899-2380 
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NOW - AVAILABLE - OFF - THE - SHELF 
MODEL 118A 


. 
? + TO*AND® INCL 
eEOS*UP T gi: 


s+ SP 
peratingrat WARIO 
0 


MICRO- MINIATURIZED 
FULL - 64-CHARACTER - TAPE - PRINTER 


Thoroughly proved in commercial, telephone and military applica- 
tions, Model 118A offers advanced capabilities for air-borne and 
ground communications, and as a “read-out” device for com- 
puters. Weight: under 4 Ibs. 5” wide by 10” long by 2” high. 
Speed infinitely variable up to 12% characters per second. Self- 
contained 3 inch roll of 5/16” impact-sensitive paper tape. Any 
64-character alphabet can be furnished. For details on low cost, 
write — 


rape sPRINTER® 


MITE Corporation 


DEPT. CD, 446 BLAKE STREET, NEW HAVEN, CONNECTICUT 
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NOW! 
EVERYTHING 
YOU WANT, 
IN ONE 
DIGITAL 
READOUT 


HIGH READABILITY — Figures are bright, unobstructed 
and easily read from all angles. 

LONG LIFE — Rugged neon lamps with a life of 60,000 
hours, equal to 7 years of constant operation. 
EXCLUSIVE LAMP FAIL SAFE OPERATION — Lamp 

failures cannot cause incorrect figures. 

DECODER-DRIVERS FOR ALL APPLICATIONS — Oper- 
ate without buffers from standard or integrated 
logic, positive or negative logic levels and 8 or 4 
line data in various BCD codes. 

ONE SIMPLE POWER SUPPLY — Unfiltered, unregu- 
lated, full-wave rectified line voltage operates both 
display and decoder-drivers. 

LOW COST — Display and BCD decoder-driver as low 
as $39 per digit. 


Send for series NQ and NSD data sheets, 
P.O. Box 4994 


MB Phila., Pa, 19119 
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NEW PRODUCTS 


HIGH-SPEED CORE DRIVERS 


New family of 8 ultra-fast diode arrays were designed 
especially for high-speed core driver applications. ‘The 
new units, all of silicon Planar epitaxial construction, 
are hermetically-sealed to permit operation to 400 milli- 
watts. The family includes a sixteen diode core driver 
array in a basic 10-lead TO-5 package and also in a 
ceramic package, eight diode core driver arrays in 10- 
lead, TO-5 packages, and ceramic packages, and eight 
diode common anode and common cathode arrays. 
Typical specs include maximum forward voltages of 1.50 
volts at forward currents of 500 milliamps, peak forward 
voltages of 5.0 volts, breakdown voltages of 60 volts 
minimum, and maximum reverse recovery times of 25 
nanoseconds. Fairchild Semiconductor, Mt. View, Cal. 
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DATA GENERATOR 


A 25 MHz general-purpose digital data generator is said 
to be the first unit of its kind to supply independent delay 
for each of the two output channels operating in NRZ 
as well as in a variable width pulse output mode. The 
generator utilizes integrated circuits and is designed to 
be housed within a 54-inch high package. Capabilities 
of the new instrument are applicable to a wide range of 
requirements for data simulation, particularly those re- 
quired for development of integrated circuit computers, 
delay line memories, and high-speed telemetry systems. 
It may be used as a digital data parallel-to-serial con- 
verter. Multiple units may be interconnected to pro- 
vide subcommutation or additional channels. Delay and 
width of each channel are independently controlled to 
5 milliseconds. Polarity is selectable as positive or nega- 
tive, with amplitude variable to 5 volts into 50 ohms. 
Rise time is less than 3 nanoseconds. Datapulse, Inc., 
Inglewood, Cal. 
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How good are Datamec Tape Units ? 


Ask any of the 
people who build or 
use these 

computer systems.* 


Datamec D 2020 Datamec D 3030 


poe ers 


A 


eeedber 
beeeedas 


Perhaps you, too, have a program that would profit from low 
1. Astrodata Inc. cost/high reliability in computer tape handling. Check with the 


Automatic Data Acquisition System : : 
2. Bis cose telnior Carh: : company that stresses service to its customers. Write Tom Tracy 


B-L 120 off-line Microfilm Printer/Plotter at Datamec, 345 Middlefield Road, Mountain View, California 
3. Cubic Corporation 94041. Better yet, phone Tom at (415) 968-7291. 


Computer Tape Synchronizer 

for European Air Defense System 
4. Digital Equipment Corp. 

Programmed Data Processor-7 
5. Digitronics Corporation 

Model 522 Dial-o-verter 

Magnetic Tape Terminal 


6. Raytheon Computer Operation z ; ; ; 
Raytheon 520 System Ee ] 4\ er a\ LWA] =; ( ro 
af ~ ® 


A DIVISION OF HEWLETT-PACKARD 


“Sorry there’s space for so few pictures. If you'd like a lot more names, contact Tom. 
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COMPUTER 
STORAGE 
SYSTEMS 


Microsonics has proven capabili- 
ties and facilities to design and 
build reliable ultrasonic storage 
systems at high information rates 


(up to 100 mc) which gives long 
term service in difficult environ- 
ments of shock, vibration, and 
temperature. These systems have 
the capability of handling digital 
signals for computer storage or 
analog information as in radar 
signal processing. 


Microsonics will design and 
manufacture any portion of a 
storage requirement. Single delay 
lines, Multiple delay lines or com- 
plete overall storage systems. 
Shown above is a complete sys- 
tem of 36 parallel channels with 
each channel storing 4500 bits at 
a5 mc rate. 


Write for Bulletin 5350 


MICROSONICS, INC. 


a subsidiary of the 
SANGAMO ELECTRIC COMPANY 


60 Winter Street 
Weymouth, Massachusetts 02188 
Area Code 617 337-4200 
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NEW PRODUCTS 


MAGNETIC CARD MEMORY 


Magnetic card memory provides an 
on-line random access storage ca- 
pacity of 100 million bits with a 
maximum access time of 50 milli- 
seconds. The unit uses long-wearing 
flexible magnetic cards contained in 
cartridges as the 
storage medium. Each cartridge 
holds 64 cards and can be loaded 
or unloaded in less than 5 seconds, 
according to the company. A single 
32-track dual-gap head 
provides read-after-write capability 


interchangeable 


magnetic 


and the maximum data rate is 10.4 
megabits/second when 32 tracks are 
processed in parallel. There are 128 
recorded tracks on each magnetic 
card divided into four groups of 32 
tracks each. Moving the magnetic 
head from one group to another 
takes less than 20 milliseconds. The 
unit includes a transport mechanism, 
two electronics chassis, and one 
power supply chassis all housed in a 
self-supporting metal cabinet 6.5’ 
high by 25” wide by 30” deep. All 
cooling is incorporated so that in 
normal computer applications no 
special temperature control is re- 
quired. Prices start at $18,000. 
Computer Accessories Corp., Santa 
Barbara, Cal. 
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D/A CONVERTER NETWORKS 


With a new 


ladder network, straight 


stable digital/analog 
converte! 
binary conversion is available to 14 
bits with + '% least significant bit ac- 
curacy giving a capability of rec- 
ognition to 1 part in more than 


30,000. 


tors are used in the new ladder net- 


Precision wire-wound resis- 


work to produce a highly-stable volt- 
age output of +10 ppm, one year 
operating, referenced to input volt- 
age. The units’ height is held to 
0.250 inch to make them compatible 
for use with standard 0.250 inch 
components used in high-density cir- 
cuitry packages. Ultronix, Inc., 
Grand Junction, Colo. 
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AUTOMATIC CABLE TESTER 


New testers check cables, chassis wir- 
ing, printed circuit boards, connec- 
tors, etc., which contain up to 50 
circuits. It tests each circuit for con- 
tinuity to 1 ohm (adjustable) and 
checks each circu‘t to all other cir- 
cuits for shorts to 200 megohms (ad- 
justable). All tests are performed 
automatically at 4 tests per second. 
Unit stops and positively identifies 
all faults. It can automatically test 
branched-circuits. V. J. Electronics, 
Ontario, Cal. 
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MONOLITHIC MULTI-CHANNEL 
COMMUTATOR 


Built as a monolithic integrated 


circuit structure, a multi-channel 
commutator was designed for use 


in multiplexing and telemetry  sys- 


tems where low on-resistance and 
low channel leakage are required. 
The circuit offers an on-resistance 
of less than 200 ohms and a chan- 
nel leakage of less than one nano- 
amp per MOS 


field-effect transistors as active re- 


channel. Using 
sistors, the device has all channel 
blanking capability for four chan- 
nel operation. Five channel opera- 
tion is also available. Each gate is 


diode-protected. Input analog sig- 


nal voltage is -—10 volts, and out- 
put capacitance is 40 picofarads. 
Channel turn-on time is 500 nano- 
second, and turn-off time is 2 mi- 
croseconds. Fairchild Semiconduc- 
tor, Mountain View, Cal. 
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MAG TAPE HEADS 


Magnetic tape playback heads, in- 
corporating micro-miniaturized pre- 
amplifiers as part of the unit, are 
designed for low signal applications 
ranging from 100 cycles to 2.5 meg- 
acycles. In addition to eliminating 
the need for extra equipment and 
space requirements, the new heads 


are said to improve the reliability 
and accuracy of system operation; 
there is less likelihood of transmis- 
sion error and high signal-to-noise 
ratio. Units are supplied with up 
to 20 channels per inch of tape 
width, Either differential or 
gle ended output may be selected. 
Typical specs include output imped- 
ance, 50 ohms volt- 
age gain, 10 nominal; frequency re- 
sponse, 100 cps to 2.5 mcps mini- 
mum; temperature range, —55C to 
+85C. 
dale, Cal. 


sin- 


maximum ; 
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MODULAR POWER SUPPLIES 


Two new models added to a line of 


Western Magnetics, Glen- | 


modular supplies are dual output | 


modules supplying -£12 volts and 
+15 volts at 300 ma, respectively, 
and feature automatic self tracking 
to maintain the relative accuracy of 
both outputs. In 
compact modules, designed for sys- 


addition, 


these | 


tem integration, feature 0.1% regu- 
lation, 0.5 mv ripple, remote sensing, | 


and operate in environments up to 
+-71C without derating. Units mea- 
sure 5 inches high x 41% inches deep 
x 31% inches wide. Trygon Electron- 


ics, Roosevelt, L.I., N.Y. 
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Can you take advantage 
of this cost breakthrough in 
time code generators? 


B-C‘D- TIME CODE GENERATOR 


HOUR 4 ~ al rf i 


ee = 
ON ‘ 
OFF if 


SET TIME WITH 
SWITCH OFF 


™A WHaBee. 
- . COMPANY 


If you're paying for exotic levels 
of precision you don't really need 
and can't use, this remarkable new 
electromechanical unit may cul 
vour costs in half! 


Here’s a precision electromechanical time code generator specifically designed 
to fill many applications at about half the cost of comparable electronic units! 


If you’ve had to buy costly code generators with fancy specifications because 
nothing else fit your application, this new development can save you real 
money. It’s designed around standard A. W. Haydon Company components 
and on a modular basis that allows us to customize it to your exact require- 
ments. The time base is established by a synchronous motor-driven repeat 
cycle timer which rapidly steps a preset code pattern of output switches. Stand- 
ard output codes available are straight decimal or binary coded decimal. 


Typical applications include computers, data handling system, illuminated time 
displays, direct printout devices, checkout equipment, telemetry systems, and 
tape punching devices. These units should be carefully considered for any 
commercial/industrial equipment requiring a time code. This versatile instru- 
ment can be arranged to supply readings in days, hours, minutes, and seconds. 
It can be used as a master clock to drive slave units. It can be custom adapted 
to handle special codes. Code output is displayed on the front panel, and 
setting is by convenient knurled wheels. Standard models are available with 
time outputs from 59 minutes, 59 seconds, to 369 days, 23 hours, 59 minutes, 
59 seconds. Panel fits standard 19” racks. Electrical requirement is 105-125 VAC, 
58-62 CPS. Send for further information. 


AW 


Timing & Stepper Motors @ Electromechanical & Electronic Timing Devices & Systems 
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232 NORTH ELM ST.,WATERBURY, CONN. 06720 
Tel: 203-756-4481 TWX: 203-753-3179 


_—uem 4060 INCE BLVD.,CULVER CITY, CALIF. 90231 
Tel: 213-UPton 0-5461 TWX: 213-836-0444 
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NEW PRODUCTS 


DATA LOGGING SYSTEM 


Accepting high-level analog data 
from up to 16 sources, a new data 
logging system time-division multi- 
plexes these channels, converts each 
sample of each channel into a 12-bit 
binary number, organizes the in- 
formation into computer-compatible 
format, and writes it onto digital 
magnetic tape. The system uses rec- 
tangular plug-in digital logic mod- 
ules for flexibility and low mainte- 
nance costs. Asynchronous sampling 
rate is 100 samples per second; syn- 
chronous, 500 samples per second. 
It can be converted to a high-speed 
system (50,000 sps) with the addi- 
tion of a higher speed recorder 
Control and Communication Div., 


Radiation Inc., Melbourne, Fla. 
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ILLUMINATED DISPLAYS 


Improved series of compact illumi- 
nated in-line visual display readouts 
has increased character or numeral 
recognition up to 30’ at viewing an- 
eles of 45° on the smaller units. Sur- 
face and interface reflections have 
been reduced with Polaroid filter- 
ing. Single or multiple visual dis- 
play decades are available with 
characters as small as 1/2” in height. 
Miniature decade assemblies _re- 
quire 134” x 234” x 2” space — 
including connector plate clearance. 
Transformer Engineers, San Gabri- 


el, Cal. 
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PHOTON-COUPLED ISOLATOR 


Solid-state photon-coupled isolator 
incorporates an improved gallium 
injection lumines- 


arsenide diode 


cent photon source and an im- 
proved silicon diode photodetector. 
The isolator is packaged in a 4 lead, 
JEDEC TO-18 size, hermetically- 
sealed case permitting its use on PC 
boards as a conventional semicon- 
ductor component. The anode of 
the input diode is connected to the 
case. ‘The working voltage rating 
between input/output is 200v peak 
maximum, and the photon-coupled 
current transfer ratio is of the order 
of 0.001 from dc to the cutoff fre- 
10 MHz. The unit is 


intended for use in circuits where 


quency of 


economical common 


mode isolation of moderate levels is 


input/output 
required. One important applica- 
tion is the interruption of common 
ground currents in various digital 
and analog circuits. hp associates, 


Palo Alto, Cal. 
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Stare at these digits for a few seconds. 
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PELLET RESISTORS 


New experimental kit contains an 
assortment of microminiature solid 
cermet pellet resistors that have an 


extremely high power-to-size ratio, 
i.€., a minimum of 15 watts per 
cubic centimeter, with tolerances as 
low as +1%. According to the 
manufacturer, they will not short out 
under any operating conditions, are 
extremely stable under extreme en- 
vironments, and are not affected by 


radiation. Resistance range is 15 
ohms to 200K ohms. 
175C hot spot without 


leads and are available with leads or 


The resistors 
operate at 


terminating surfaces for soldering or 
welding. Kit contains resistors with 
and without leads in random resis- 
tances and in the following sizes: 
0.050” dia. x 0.030”: 0.050” dia. x 
0062": 0.100": diaz. x: 0030": and 
0.100” dia. x 0.062”. Kit price is 
$10.00. CTS Ines Wi. 
Lafayette, Ind. 


Research, 
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DC POWER SUPPLIES 


Specifically designed for systems use, 
new power supplies offer outputs 
from O vde to 51 vde in fourteen 
models. Each model has a range of 
about 5 volts. Modules are available 
with currents from 5 A to 14 A. 
Prices, in the $300 bracket, are said 
to be about $100 less than compara- 
tive wide voltage range laboratory 
supplies often used in systems. All 
the modules are unconditionally 
guaranteed for five years and have a 
MTBF of 


according to Mil 


35,000 hours, calculated 
Handbook 217. 
Units are packaged in standard half- 
rack widths thus permitting systems 
engineers to achieve high amounts of 
power in a single rack. They have a 
regulation (line and load combined 
of +0.05% or +2mv, whichever is 
greater. Silicon transistors permit 
operation to 75C and a_ response 
time of 25 microseconds. Consoli- 
dated Avionics, Westbury, N. Y. 
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PRINTED CIRCUIT CONNECTOR 


A new series of edge connectors for 
printed circuit cards were specifically 
designed for dip soldering. They con- 
tain gold-plated Duometal contacts; 
half beryllium copper for high tensile 
streneth, and half brass for maxi- 
mum soldering reliability and con- 
ductivity. The furnished 
with a single row of 6, 10, 15, 18, or 
22 contacts. These connectors will 
accept printed circuit boards ranging 
from 0.054 to 0.071 inch in thickness 
and include corrosion-resistant, pas- 


series is 


inserts with 
1-40 NC threads for mounting. In 
addition to meeting all applicable 
provisions of MIL-C-21097B, MIL- 
C-21097/1, and MIL-C-21097/6, 
they have also passed successfully the 
rigid industrial specifications set by 


sivated, stainless steel 


a computer manufacturer and have 
been used in tape handling and other 
peripheral equipment. U.S. Com- 
ponents, Inc., Bronx, N. Y. 
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Now try it with a Polaroid circular polarizer. 


t 


uc 


nent. Ask u 


glare, kill reflections, in 


on equipr 


s much as 600°%/c be 


We're the Polarizer Divisi 


yarable neutral den 


on, Department CD-4 


ity filter).In digital readouts, radar screens, 
Polaroid ration, Cambridge, Mass. 02139 
“POLAROID"® 
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World’s Fastest, 
Low-Cost 
Digital Printer 


Apply several drops of oil to the 
drive-motor shaft-ends each year (or 
every fifty-million lines). Brush out 
any accumulated dust or lint. Clean 
the air filter periodically. 

That’s the extent of maintenance 
for a Franklin Model 1000. . . the 
only digital printer that offers a 
printing rate of 40 lines per second 
(or less) at low, low, OEM prices. 


REQUEST BULLETIN 2301 


FRAN [|TV 


e lee tt. ro nt CS; +t ES. 


East Fourth St. e Bridgeport, Pa. 19405 
A Division of the Anelex Corporation 


CIRCLE NO. 52 ON INQUIRY CARD 
76 


NEW PRODUCTS 


READOUT CONVERTER/DRIVER 


A 4-line BCD converter that con- 
verts low level logic signals into nu- 
meric display driver currents is a 
correlated package of a transistor/ 
resistor decoder circuit module, to 
drive company’s series of numeric 
readouts. The unit’s design permits 
the use of only a single power sup- 
ply to drive both the converter and 
the readout. Its low current re- 
quirements and wide voltage range 
of required logic inputs are said to 
enable it to be used directly with 
many integrated circuit designs and 
thus eliminate the need for addi- 
tional buffers. Specs include power 
supply of +5.5 vde at 0.65 amp 
max. including readout lamp sup- 
ply, logic levels of +2.0 to +15.0 
and 0 to +0.5, a required logic drive 
of 0.3 ma at +2.0 vde, and an op- 
erating temperature range of 0 to 
70C.  Microphysics, Incorporated, 
Westbury, N.Y. 
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IC TEST BOARD 


A new test board was developed for 
the testing and prototype operation 
of integrated circuits in equipment 
utilizing standard printed circuit 
card connectors. The board can 
incorporate flat-pack integrated cir- 
cuits of up to 14 leads mounted in 
carriers. The board is designed for 
plug-in operation to a standard 
15 position edge connector with 
contacts spaced on 0.156” centers. 
An associated connector can be pur- 
chased separately for use in perma- 
nent test installations, prototype 
design, and production packaging. 
Metals & Controls, Inc., Div. of 
Texas Instrument, Attleboro, Mass. 
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RESISTOR POTENTIOMETER 


New component combines the fea- 
tures of a precision resistor with the 
adjustability of a trimmer potenti- 
ometer. It has been named a vari- 
zistor. Several dozen models of 
varizistors can replace over a hun- 
dred thousand individual fixed value 
resistors, according to the manu- 
facturer. They can be adjusted to 
provide extremely accurate  resis- 
tance values in various circuit ap- 
plications in computers and other 
commercial and industrial equip- 
ment. The varizistor consists of a 
deposited metal, thin-film resistance 
element bonded to the inside sur- 
face of a ceramic housing. A multi- 


contact wiper is attached between 
an insulator and a lead, which runs 
through the body of the unit, mak- 
ing contact with the resistance ele- 
ment. The entire body slides, within 
fixed limits, moving the wiper across 
the resistance element, providing an 
approximate 20% variation in resis- 
tance value, above and below the 
nominal value. Since there is a con- 
tinuous film element, rather than 
the conventional wire-wound type, 
resolution is high. One of the ma- 
jor advantages of the varizistor is 
that units can be installed in as- 
sembly line fashion and then adjust- 
ed to “tune the circuit” at final 
inspection. It is said to be ideally- 
suited to computer servicing where 
minute resistance adjustments are 
required. Resistance values from 
0.5 ohms to 1 megohm are avail- 
able in 42 units with ratings from 
4 watt to 1 watt. Vacco Electron- 
ics Div., Vacco Valve Company, El 
Monte, Cal. 
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IC TEST SET 


New test set determines operating 
temperature characteristics of inte- 
grated circuit chips and discrete 
components in a broad range of 
temperatures. Designated Model 
898, the unit includes a three stage 
thermo-electric cooling module with 
an enclosure and “O” ring seal for 
high vacuum use. The heat sink 
supplied can be of forced convec- 
tion type or water cooled. The pow- 
er supply-controller allows the oper- 
ator to adjust and monitor cold sur- 
face temperature through the unit’s 
operating range. Circuits to be test- 
ed are easily mounted on the cold 
plate and terminals are provided for 
external connection to the circuit 
tester. In a vacuum of 10°-° torr, no- 
load cold junction temperatures 
will be between —72 to —78C with 
a heat sink temperature of + 27C. 
The cooler operates at an optimum 
power of 12 amps at 1 volt and 
varying current below 12 amperes 
yields temperatures between mini- 
mum and ambient. The system will 
maintain cold surface temperature 
within 1C with variations in load 
and ambient temperature. Borg- 
Warner Thermoelectric Dept., Borg- 
Warner Co., Des Plaines, III. 
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PAPER TAPE SYSTEM 


A complete tape preparation, dupli- 
cation, and verification system con- 
sists of a paper tape punch, two 
paper tape readers, an encoding 
keyboard, and an indicating master 
control panel. The system is housed 
in a free standing cabinet, operates 
from 115 volts, 60 cycles, and can 
punch and read paper, Mylar, or 
metalized Mylar tapes. At all times, 
the indicator control panel visually 
indicates in which mode the unit is 
operating, as well as showing at any 
instant which bits are being read. 
Should the system stop due to an 
error, the cause can be instantly de- 
tected and corrected by use of the key- 
boards. The system can skip “‘zero” 
and ‘delete’ codes (all 8 holes 
punched). Ohr-Tronics, Inc., New 
York, N. Y. 
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SOCKETS 


from BARNES... 


THE MOST ADVANCED LINE 


OF SOCKETS FOR SEMICONDUCTOR 
AND OTHER MINIATURE DEVICES 


e@ for production, test, aging, and 
breadboarding applications 


@ for flat pack and multi-lead TO-5 
packaged |.C.'s, transistors, 
relays and other miniature com- 
ponents 


e for mounting on P.C. boards, 
chassis, breadboards, or use 
with mating base connectors 


e for hard wiring, dip soldering, 
wire wrap, welding, tab or pin 
base mounting, compression fit- 
ting, or saddle mounting 


e flat pack carriers and contactors, 
flip-top sockets for flat packs, 
module test connectors, and 
breadboard test connectors 


Choose from over 3,000 standard 
sizes, configurations and materials. 
And Barnes can quickly produce 
custom sockets to meet any require- 
ment. Cail or write for complete 
technical data. 


: DEVELOPMENT CO. 


LANSDOWNE. PA 19050 @ (215) MA 2-1525 
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VERTICAL LAMINAR FLOW HOODS 


The vertical laminar flow hood having a 
top mounted HEPA filter and a perforated 
work surface through which the clean air 
flows is one of the most versatile of any of 
the existing types of clean hoods. 

Air flow can be regulated and varied in 
an infinite number of ways to achieve any 
desired condition. 

The use of a properly installed HEPA fil- 
ter enables this unit to more than fulfill all 
requirements as set forth in Federal Stan- 
dard #209 for a Class 100 clean bench. 

Vertical flow units may be used with a 
single blower for a complete recirculation of 
air or may be used with a controlled secon- 
dary blower whenever an exhaust condition 


NEW PRODUCTS 


TOUCH-OPERATED SWITCH 


Based on a semiconductor surface 
effect which is sensitive to touch, a 
new switching device features fast 
action, high repeat rate, and freedom 
from switching transients. In use, 
the operator or simile thereof, is iso- 
lated from the power circuit. The 
“touch” sensitive area may be any 
size from as small as a finger button 


is required. 


toxic or noxious fumes generated by the work operation. 


Units can be provided with stainless steel, P.V.C., or polypropylene liners 
for use when harsh chemicals or acids are a part of the operation. 

Sinks, drains, tanks, valves and taps can be installed for any desired applica- 
tion making this unit a must when setting up a photo-resist line. 

Let Baker engineers, with over 20 years experience in contamination con- 
trol, evaluate your problems for an efficient, economical solution. 


THE BAKER COMPANY, INC. 
106 Granite St. 
Biddeford, Maine 04005 
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any CRT display 
instantly 
with the new Sanders 
PHOTOPEN* 
Light Sensing System. 


Universal . . . works with all CRT displays. Fast... typical 
time delay only 2 microseconds. Accurate . . . provides 
illuminated finder circle which precisely encloses the CRT 
area being edited . . . no matter how you hold the 
PHOTOPEN. 


All the facts are included in Bulletin TC-143B. Write for 
your FREE copy today. Sanders Associates, Inc., Micro- 
wave Division, Nashua, New Hampshire 03060. 

*T.M., Sanders Associates, Inc. 


SANDERS ASSOCIATES, INC. 


Creating New Directions in Electronics 
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This unit when used with an exhaust 
blower solves the problem of handling any 


| to as large asa wallinaroom. Thus, 
the switch may be used for a wide 
variety of applications from the sim- 
plest appliance switch to the most 
complex computer control. For volt- 
age ranges up to 24 volts rms, models 
will handle 100 ma, 1 amp, and 5 
amps. For 24 to 120 volts rms, and 
| for ranges from 120 to 230 volts rms, 
models will handle 500 ma, 1 amp, 
and 5 amps. Hall-Barkan Opticon, 
Tuckahoe, N.Y. 
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FLEXIBLE PRINTED CIRCUITS 


A versatile new family of flexible copper-clad materials 
for printed circuits includes copper-clad glass-reinforced 
polyester, copper-clad glass-reinforced epoxy, a low-cost 
paper-reinforced copper-clad material, and copper-clad 
Mylar. The insulating materials, in thicknesses from 2 
to 12 mils are furnished with 1-oz., 2-0z., or 3-oz. copper 
bonded to one or both sides. Treated or untreated cop- 
per, as rolled or electrodeposited foil, can be bonded to 
the insulation. The insulating material, without copper, 
is also supplied, bondable on one or both sides, for use 
as binder and cover sheets in construction of multilayer 
circuitry. Electrical characteristics of glass-reinforced 
epoxy and polyester systems are comparable. Surface 
resistivity for both glass-epoxy and glass-polyester copper- 
clad materials is 1 x 10° megohms per square under test 
conditions of 96 hr. at 35C and 90 per cent relative 
humidity. Dissipation factor at 1 megacycle is less than 
0.05 for both. Similarly, dielectric strength, short-time, 
Condition A, is 1,500 volts per mil for glass-epoxy and 
glass-polyester. However, the dielectric constant for 
glass-polyester approaches 3, while for glass-epoxy it is 
less than 4. Flexibility of the copper-clad materials is 
said to afford economies in the fabrication of printed 
circuits by the use of continuous machinery. They can 
be soldered for example, by standard production meth- 
ods on dip or wave soldering machines. In addition, 
flexible printed circuits eliminate much wiring during 
manufacture. Westinghouse Electric, Insulating Mate- 
rials Div., Trafford, Pa. 


Circle No. 163 on Inquiry Card 


COMPUTER DESIGN/APRIL 1966 


ELECTRICALLY 


INERT BASE 
WELDED OR MOLDED 
SOLDERED ~ BULB / BASE 


CONNECTIONS 


GOLD PLATED 
OR_ COVERED 
EXTERNAL LEADS 


U \ 


COMPUTER LAMPS 


The integrally-molded base is said 
to be the first major development in 
subminiature lamps in over a decade. 
Designed for the specific require- 
ments of the computer industry, this 
integrally-molded base lamp differs 
from the conventional lamp in that 
it employs a plastic (nylon or other 
thermoplastic materials) base mold- 
ed to a standard bulb. It replaces 
not only the separately attached 
metal base but also the mated socket 
which it requires. The new lamps 
are said to provide significant ad- 
vantages in reliability, economy, and 
design freedom over the conventional 
types. The most important advan- 
tage of the new lamps will probably 
be the ability to make entire lamp 
assemblies as a single piece of equip- 
ment for direct installation into a 
system. Present production units 
which, according to the company, 
have been successfully proven out in 
pilot installations over the past year 
are printed circuit board indicators, 
long lead photocell actuators, and 
many complex shaped packages. 
Tung-Sol Industries, Incorporated, 


Newark, N.J. 
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EPITAXIAL DIODES 


A new line of silicon planar epitaxial! 
diodes for high speed switching and 
computer applications are miniature 
glass units packaged in a standard 
DO-7 case. Application of advanced 
epitaxial technology is said to pro- 
vide greater reliability, increased 
yield, and reduced cost. It offers ex- 
tremely low forward voltage drop at 
higher forward current. Operating 
over a temperature range of 65C 
to +175C, these diodes have a peak 
reverse voltage of —100 v for Types 
1N914 through 1N916A, and —75 v 
for Type 1N3064. Nucleonic Prod- 
ucts Co., Inc., Los Angeles, Cal. 
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DRC offers the OPTISYN optical, incremental encoder: 
Accuracies to better than + one count per turn 
Resolutions from 100 to 131,072 counts per turn 
Wide-aperture optics produce high signals 
Sizes from 1” to 342” 

Standard or special design models 


Write for descriptive brochure to: 


DYNAMICS 
RESEARCH 
CORPORATION 


38 Montvale Avenue, Stoneham, Massachusetts 
Telephone 617-438-3900 @ TWX 617-438-0069 
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CD HANDBOOKS AND REPRINTS 


“CAUSES AND CURES OF NOISE IN DIGITAL SYSTEMS” 


A 56-page, pocket-size, design reference handbook gives basic guideline 
rules and design tips for eliminating or minimizing noise in digital systems. 
The discussion is divided into 3 sections: Part 1 — Systems Design Con- 
siderations; Part 2 — Noise Elimination in Digital Modules; Part 3 —- Con- 
trol of External Noise. 


Price: $1.75 per copy 


“TELETYPEWRITER FUNDAMENTALS HANDBOOK” 


A 32-page, pocket-size, handbook explains the basic principles of tele- 
typewriter equipments — how they operate and how they are used. A 
glossary of teletypewriter terminology and descriptions of typical machines 
are included. 


Price: $1.50 per copy 


“PERFORATED TAPE READERS” 


The industry-wide survey of perforated tape reading equipment that ap- 
peared as a Product Reference File feature in COMPUTER DESIGN is avail- 
able as a 20-page reprint. It serves as an excellent reference for evaluating 
and selecting a tape reader for a particular application. 


Price: $0.50 per copy 


“PAPER TAPE PUNCHES” 


This 12-page reprint of another CD Product Reference File feature describes 
the performance characteristics of commercially-available paper tape punch 
units. Typical punch mechanisms are also described in this survey. 


Price: $0.50 per copy 


SEND THE FOLLOWING ORDER FORM WITH CHECK 
MADE PAYABLE TO COMPUTER DESIGN PUBL. CORP. 


COMPUTER DESIGN PUBLISHING CORP. 
BAKER AVE., W. CONCORD, MASS. 01781 


Gentlemen: 


Enclosed is $3 <0 3... check to cover my order of the following: 


____copy(ies) of “Causes and Cures of Noise... .” at $1.75 each 
___copy(ies) of “Teletypewriter Fundamentals Handbook” at $1.50 each 
copy(ies) of “Perforated Tape Readers” at $0.50 each 

____copy(ies) of “Paper Tape Punches” at $0.50 each 


NAME 
COMPANY 
ADDRESS 
CITY 
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NEW PRODUCTS 


TIME SHARING COMPUTER 


Designed specifically for time shar- 
ing, the SDS 940 computer features 
multi-programming, real-time proc- 
essing, on-line remote data proces- 
sing, and simultaneous access to the 
central processor. The SDS 940 time 
sharing system will provide up to 
32 users with simultaneous access. 
A response time of two to three sec- 
onds facilitates rapid communica- 
tion between the user and the 940. 
For up to six simultaneous con- 
versational users, the response time 
is less than one second. Memory 
protection is provided to prevent 
one user from accidently destroying 
or gaining access to the programs or 
data of another user. Another im- 
portant feature of the computer is 
its ability to load programs contin- 
uously in any available portion of 
core memory so that users do not 
have to wait for a specific memory 
location. Programming languages 
included with the system are Fortran 
II; CAL, a conversational algebraic 
language; SNOBOL, for string ma- 
nipulation; QED, a conversational 
text editor; a macroassembler that 
permits programs to be written in 
machine language, LISP, a list proc- 
essing language, and a machine- 
language debugging system. Mem- 
ory cycle time is 1.75 microseconds 
with memory expandable to 65,536 
words. The computer features a 24 
bit word size and 48 bit capability 
for floating point arithmetic. Other 
features include built-in “multiply” 
and “divide” logic circuitry, auto- 
matic checking of memory transfers 
and input/output operation, multi- 
ple-level indirect addressing with in- 
dexing at any level, and up to 1,024 
levels of priority interrupt, each with 
a unique priority and address in 
memory. A typical 940 system in- 
cludes a minimum of 24,576 words 
of core memory; two random access 
discs, each providing 2,000,000 char- 
acters of auxiliary storage; two mag- 
netic tape transports; teletype 
multiplexer; card reader, and eight 
on-line user stations. The 940 confi- 
guration is $430,050. Scientific Data 
Systems, Santa Monica, Cal. 
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PC HEAT SINK 


New printed circuit board heat sinks 
are said to exhibit good performance 
TOS transistor 
cases: a case rise of 36C at 1 watt 


characteristics with 


with bright aluminum natural finish 
or 30C rise with black anodize finish. 
The area required for mounting is 


cw 


only 0.375 sq. in. Two #4 x %4 
lone sheet metal screws are used to 
clamp the TO5 case in the Type 150 
sink. 


from the mounting base provide key- 


heat Three eyelets extruded 
ing to the circuit board. A sheet 
metal screw in the center eyelet an- 
chors the heat sink to the pe board 
and the two outer eyelets are set for 
permanent positioning. Cost is less 
than 3¢ each in volume quantities 
without black anodizing. Wakefield 
Engineering, Inc., Wakefield, Mass. 
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ELECTRONIC TRIGGERS 


For low frequency applications (from 
40 cpm to 1000 cps), with high pow- 
er (up to 100 watts), new solid-state 
electronic triggers provide a square 
wave output from a de input which 
is said to be ideal for flip-flop action. 
Applications for the custom triggers, 
include special lights which require 
alternate on-off action, time-lapse 
photography, heart pumps, and a 
variety of other low frequency puls- 
ing operations. Space/Defense Corp., 
Birmingham, Mich. 
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how to get 
your Pulse Generator 


“made to order’ 
from TI 


“Special” Pulse Generators are made 
to order at TI. Modular construction 
allows assembly of the right building 
blocks to meet your requirements. 
Now, “specials” cost you no more, 
than conven- 


frequently cost less 


tional pulse generators. 


For example, the 6613 is an eco- 
nomical general-purpose unit with 
PRF from 15 cps to 15 me, priced 
at only $950. Another model, the 
6325, is a ten-channel, word-bit pro- 
grammable unit operating up to 25 
me. The single unit does the job of 
ten discrete generators, at half the 
cost, and fits in a cabinet 23 in. 
wide, 38 in. high, 18 in. deep. 


e 


INDUSTRIAL 
PRODUCTS I 


GROUP 


TI Pulse Generators give you out- 
standing performance: PRF’s to 100 
mc, fast rise and fall times, variable 
pulse width and delay, variable rise 
and fall times, plus and minus out- 
puts, pulse mixing, programmed and 
random word generation. You have 
your choice of portable or rack- 


mounting Cases. 


When you need special pulse gen- 
erator performance, choose one of 
the thousands of standard pulse gen- 
erator combinations from Texas In- 
struments. For more information, 
contact your nearest TI Authorized 
Representative or write to the Indus- 


trial Products Group in Houston. 


TEXAS INSTRUMENTS 


NCORPORA TED 


P. O. BOX 66027 HOUSTON, TEXAS 77006 


118 RUE du RHONE GENEVA, SWITZERLAND 
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NEW PRODUCTS 


MAGNETIC TIMER 
. of smaller drum memory 


q systems. Just one advantage of | ae.) 
] Gos : : > A field-programmable magnetic timer 
the 1264B—our large economy 


size. Stores more than 2.000.000 was designed to perform a wide vari- 
size. ‘ an 2,000,000 ealoT 

36-bit words. Costs less than 5¢ | ety of timing and sequencing opera- 
per word. | tions in the most demanding aero- 


space environments. Weighing only 

XhGn, 100, the 1264B adapts to: | 5 unds, the unit provides ae rete 

: : Seno 5. the sg ates 

any computer with direct mem- | ” P Sen Ser ee 

ory access...offers phase mod- | timing and interval stepping for 12 

y access... s phas } 

ulation recording with internal sequential events and features com- 

parity generation and check- plete field-programming capability 

ing...is word addressable with | of all 12 intervals. It can be kept in 

17.3msec average access (se- 
quential words at 36usec). 


stock and programmed as needed to 
meet specific requirements, thereby 


Your application demands even higher transfer reducing lead time. A resistor matrix 
rates? Then we'll build into your 1264B bit, employs interchangeable plugs read- 
byte or word parallel data format. All of this... ily accessible behind a removable 
plus electronic switching...and you still pay panel. By the appropriate placement 


less than 5¢ per word. of these hand-insertable plugs at 


each of 168 intersections, the entire 
| program can be set up very quickly 
for all 12 events. A combination of 
core transistor logic elements and 
magnetic commutator elements are 
used to perform all logic and control 
functions. A low-frequency magnetic 
| core oscillator serves as the master 
| time base and 14-stage presettable 
magnetic core binary counter deter- 
mines the time duration of each 
event. A plugboard programming 
matrix controls the countdown dura- 
j tion of the binary counter for each 
M d l S of the 12 desired time intervals be- 

0 u € tween successive relay contact trans- 

= 


fers. A 13-stage magnetic shift regis- 
Drum ter/relay driver combination is used 

A to trigger the latching doublethrow 
Memories | relays at the conclusion of each time 
interval and is also used to preset the 


@ 
Systems | binary counter for the next event 


time. Di/An Controls. Incorporated, 
Boston, Mass. 
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COMPLETE SPECIFICATIONS... 
on the Type 1264B Drum Memory System are yours for the | DIGITAL STRIP PRINTER 


asking...along with our brochure providing basic data on 
all VRC product lines: Drum Memories, Modules and 


| A digital strip printer, priced at less 
Systems. | 


than $300, prints a single line along 
a ¥%"-wide paper tape featuring a 
full complement of 64 alphanumeric 


t R search | characters. The Model 120A strip 
ermon Ss | printer measures only 3” W x 614” 
| H x 854” D and weighs less than 5 


C oO BR P '@) R A T I O N lbs. Franklin Electronics, Inc., Bridge- 


port, Pa. 


Box 20A ¢ Precision Park ¢* North Springfield © Vermont © Circle No. 132 on Inquiry Card 
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DRUM MEMORY SYSTEM 


Complete with clocking, read-write, 
and address decoding electronics, a 
new drum memory combines eco- 
nomical 80-track storage capacity of 
10,000 to 200,000 bits with random 
access capability and a data rate of 
200 ke. The system is priced below 
$5,000. Normal operation of the 
drum is from a 120 volt, 60 cycle, 
single-phase source, providing speeds 
of either 1800 or 3600 rpm, with 
maximum access time of 34 or 17 
milliseconds. Higher speeds may be 
obtained with a 400 cycle power 
source. Use of Manchester non- 
return-to-zero (phase modulation) 
recording produces playback  volt- 
ages which are either fully positive 
or fully negative at strobe time. 
Therefore, according to the manu- 
facturer, effective playback signal is 
twice the amplitude of that produced 
by other recording methods. The 
Model 52 system comprises two sepa- 
rate items: the magnetic drum, mea- 
suring 11 x 11 x 15 inches, and 
mounted on four shock mounts; and 
associated circuits, mounted on a 
standard module chassis. Vermont 
Research Corp., No. Springfield, Vt. 
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TIME CODE GENERATOR 


With 13 simultaneous serial code 
outputs, a new time code generator 
was designed to provide precision 
standards for time-correlating data 
from magnetic tape recorders, visual 
recorders, cameras, digital printers, 
and computers. The generator accu- 
mulates time from a high stability 
crystal oscillator and provides the 
capability of close synchronization to 
external time standards such as radio 
station WWYV or a high-stability ex- 
ternal frequency standard. The basic 
unit generates seven serial time 
codes, six of which are in both the 
modulated carrier and de level shift 
forms. In addition to time correla- 
tion, the pulse rate outputs can also 
be used to time synchronize compu- 
ters, digital printers, and other ex- 
ternal digital equipment. Prime fea- 
tures of the unit include a stability 
of 2 parts in 10° per day; thirteen 
simultaneous serial time code out- 
puts; direct synchronization from 
external time standard; extremely 
low power consumption; and wide- 
angle decimal display with long-life 
“Super-Nixie” tubes. Astrodata, Inc., 
Anaheim, Cal. 
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PHOTOSENSORS 


Two miniature photosensors have 
been developed for use in tape and 
card readers, optically-coupled cir- 
cuits, encoder-decoders, character 
recognition devices, and _ process 
control applications. Both units are 
silicon and feature planar passiva- 
tion for long term device stability. 
The FPM-100 phototransistor has a 
special response extending from 0.4 
to 1.1 microns and features a maxi- 
mum power dissipation of 75 mw 
at 25 degrees C. Collector current 
rises from a maximum dark value 
of 0.1 microamp to typical values 
in the range 1.5 to 2.5 milliamps 
upon illumination. Typical rise time 
is 3. microseconds. Packaged in a 
hermetically sealed cylinder with a 
diameter of 0.08 inches and length 
of 0.18 inches, the FPM-100 “reads” 
at the top end of the cylinder 
through a flat polished window. 


By using a flat window, a diver- 
gence angle of 70 degrees has been 
obtained. The avoidance of any 
optical magnification eliminates the 
possibility of a hot spot develop- 
ing to introduce random errors, and 
since the flat window is flush with 
the cylinder body, an array of units 
may be placed in physical contact 
with a moving tape without abrad- 
ing the tape. Cross-talk is also 
said to have been eliminated by this 
feature. The companion photodiode, 
FPM-200, is packaged in the same 
cylindrical welded case. The dark 
current maximum is 25 nanoamps 
and the light current minimum is 
13. microamps when __ illuminated 
with a source of radiation equiva- 
lent to 15 mw/cm? at a color tem- 
perature of 2870 degrees K. Rise 
time for the FPM-200 is typically 3 
microseconds. Fairchild Semicon- 
ductor, Mountain View, Cal. 
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You can buy 
the amazing new 


Skipper: 


for less than 
$400 in quantities 


mw Time and money saving 
installation—just cut-out 
hole for fan and slide 
neoprene rubber mount- 
ing ring over venturi— 
and the Skipper is in- 
stantly secured in posi- 
tion. No mounting holes 
to drill...no nuts and 
bolts to handle. 


= Complete selection of matching accessories avail- 
able —line cord and plug, finger guards, etc. 


m Styling and reliability—unmistakably ROTRON. 
mw Designed to meet U.L. Approval. 

m Impedance Protected. 

mw And it’s quiet! Only 39 db SIL. 


m Constructed of unbreakable polymer and die cast 
aluminum. 


mw Built-in heat sink for cool running motor and 
longer life. 


mw For operation at ambient temperatures up to 
140°F (60°C). 


m Measures just 5%” in diameter by only 1'%6” in 
depth. 


mw Just 5/6 |b.—lightweight. 
w Alternate mounting arrangements. 


m Mounts easily anywhere 30 SpEED 
—on any panel thickness $25 2800 
(even glass). $ 20 3700 

mw Available in 115V—60 ‘” 

CPS—1 ¢ (other ratings ® 

available). i. 

Write, wire or call today a 

for complete details to... % 9 204 60 80 100 


AIR VOLUME-CFM 


® 
ROTRON MANUFACTURING 
COMPANY, INC. 
WOODSTOCK, NEW YORK 


West Coast: ROTRON PACIFIC, Glendale, California 
Canada’ THE HOOVER CO. LTD., Hamilton, Ontario 
Rotron Vactric Europa(N V.) Breda, The Netherlands 
Export Sales AURIEMA INTERNATIONAL GROUP 


ROTRON 
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HIGH-SPEED DATA HANDLING 


LOS) S&S 


ELIMINATE PAPER TAPE PROBLEMS WITH 
DIGI-STORE*DS-2 
MAGNETIC TAPE UNITS 


BIDIRECTIONAL .. . ASYNCHRONOUS 


e Speeds up to 333 characters per 
second. 

© Operates in either write or read 
mode—can replace both tape punch 
and reader. 

e Lower initial cost than high-speed 
punches. 

¢ Handles any code up fo 8 levels. 
© 8 times more packing density than 
paper tape—less tape bulk—no chad 
problems. 

e Less tape handling cost — DS-2 
tape can be reused thousands of 
times without erasing. 

¢ Compatible with conventional 
paper tape digital data handling 
systems. 


e Plug-in interface logic available 
to suit individual requirements. 

¢ High reliability all-solid-state 
circuitry only one main moving 
part — less downtime reduced 
maintenance cost. 


WRITE TODAY FOR DS-2 TECHNICAL 
DATA AND SPECIFICATIONS 


TRAK ELECTRONICS 
COMPANY, INC. 


59 Danbury Road e Wilton, Conn. 
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NEW PRODUCTS 


DIGITAL CONTROL MODULES 


Factory-stocked to aid designers of 
direct-digital controls, data printers, 
XY plotters, counters, incremental 
tape and other digital systems, a line 
of step-servo control modules plug in 
between a serial pulse train and a 
stepper motor bidirectionally. Three 
different models have 0.7, 1.5, and 
5.0 amp current-carrying capabilities. 


IMC Maenetics Co., Westbury, N.Y. 
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NO-DRIFT SCOPE 


Push-button controlled oscilloscope is 
said to be entirely free of dc drift. 
Every major function is program- 
mable by external circuit closures. 
desired series of 
wave-form observations may be pre- 


Settings for any 
selected, displays presented in rapid 
order, and repeated exactly. With 
drift eliminated and correct settings 
assured, testing is fast and errors are 
reduced. The Model 155A oscillo- 
scope is a 9 my/cm, MHz instrument 
with illuminated push-button con- 
A companion to the oscillo- 
scope, the Model 1550A program- 


trols. 


mer has 18 buttons, each of which 
will, at one touch, select an entire 
set-up on the scope. The preset com- 
bination will include not only sensi- 
tivity, sweep, and offset (i.e., vertical 
position), but also input coupling 
(ac or dc), trigger source, and trig- 
ger slope. Programs are determined 
by the position of plug-in diodes in 
the programmer’s circuit boards. Pro- 
grammers may be cascaded, extend- 
ine the 
grams without limit. 


ard, Palo Alto, Cal. 


number of available pro- 


Hewlett-Pack- 
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NEW NIXIE TUBE 


A Nixie tube of new design and con- 
struction, which will sell for $4.95 
in quantities of 1000, is a side-view- 
ing tube with a 0.750” maximum 
bulb width for 0.8” center-to-center 
spacing and a 0.6” character height 
in a bulb only 1.8” maximum height. 
The stem of the new tube has been 
designed to afford maximum printed- 
circuit line width and spacing of the 
associated circuitry, permitting high 
printed-circuit board packaging den- 
sity. New sockets which permit flush 
mounting of the tube for up-front 
viewing are available for wiring ap- 
plications and printed circuit ap- 
plications. Internal, independently- 
operable decimal points which are 
positioned on both sides of the nu- 
meral are an optional feature of the 
tube. Another version of the tube 
providing “plus” and ‘“‘minus” indi- 
cation is also available. The new 
Nixie is expected to replace many 
other kinds of numerical readouts, 


a oe | 


such as projection and electro-lumi- 
nescent types, in numerous applica- 
tions because of its simple operation, 
brightness, lone life, and lower cost. 
Burroughs Corp., Electronic Com- 
ponents Div., Plainfield, N.J. 
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DIGITAL TRANSMISSION LINES 


Supplied as complete cable assem- 
blies with connectors, new high- 
frequency transmission lines were de- 
signed especially for such applica- 
tions as transmission of digital data 
in computers. Offering consistent 
impedance characteristics, these 93- 
ohm dual lines have 20 pairs of con- 
ductors, terminated in a double row 
of 0.050” center distance connectors. 
Cable assemblies are constructed of 
33 gauge round silver-plated copper 
wire and are insulated with homoge- 
neous TFE Teflon. The dual line 
assemblies are 0.028” thick by 1 inch 
wide. Digital Sensors Inc., Los An- 
geles, Cal. 
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DECIMAL PROGRAMMER 


New, 60-position, decimal plugboards 
with 16 decimal digits for each 
square inch of panel face can be 
used as 60/1-digit switches, 30/2- 
digit switches, or 20/3-digit switches. 
Bussing between common input and 
output signal lines is accomplished in 
a simplified manner. Space is pro- 
vided behind each module for 
mounting isolation diodes eliminat- 
ing holding pins or remote diode 
mounting. Applications include deci- 
mal memory, decimal-oriented pro- 
gram control, decimal format con- 
trol, temperature limits, voltage lim- 
its, counter presetting digital control, 
time code generation, analog com- 
parison, and pulse pattern detection 
and generation. Spring loaded pins 
of varying lengths provide the switch- 
ing capabilities. Molded finger tip 
pins are permanently numbered 0 
through 9 for value identification. 
The panel mounts in a cutout 1.81” 
wide by 2.72” high. The frame face 
is 2.30” wide by 4.21” high. Ver- 


selector Co., Burbank, Cal. 
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Rotron brings 
a new DIMENSION 
for LOW PROFILE 
cooling 
applications. 


--- 
er my, 


MODEL 8P2a7 
115 VOLTS 60 CPS 13 WATTS 


A fan that's just 3'/s” square — fits 
standard 3'/2” rack panel. Delivers 
big 35 CFM of air at free delivery. 
™ Pressure characteristics better 
than larger conventional fan de- 
signs. M@ Optimum performance. 
.05 to .075 inch water at 25-30 CFM. 
™ Double flange construction for 
universal flush mounting. ™@ Low 
maintenance. ™ Costs as low as 
$5.85 in quantity. 


Aerodynamic design provides 
high pressure in range 
approaching free delivery. 


125 
100 
O75 + 


050 OPERATING) 
.025 |— RANGE 


Inches of Water 


STATIC PRESSURE 


20 


MANUFACTURING 
COMPANY, INC. 


ROTRO 


WOODSTOCK, NEW YORK 
West Coast: ROTRON PACIFIC, Glendale, California 
otron-Vactric Europa (N.V.) Breda, The Netherlands 

Sales. AURIEMA INTERNATIONAL GROUP 


CIRCLE NO. 61 ON INQUIRY CARD 
85 


The OPT for reliability in computers — 
is fiber optics. 

The OPT in fiber optics — 
is Mosaic Fabrications. 


Let us 
show you 


how fiber optics can 
lower your design costs. 
See us at Booth 1114 

at the Computer Conference, 

War Memorial Auditorium, Boston. 


F 
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Mosaic Fabrications, Inc. 
205 Chapin St., Southbridge, Mass. 


BIAX® NEVER FORGETS 


We've tried everything. Nothing seems to work. 

We've flipped power switches... pulled wires...temperature shocked it... 
shook it...messed up the timing. Data stored in BIAX memories just cannot 
be destroyed. BIAX is a true non-destructive memory. We're convinced of that. 
We’re fresh out of ideas on how to make BIAX forget, 

but we know several ways BIAX memories can help you. 

Write today for Data File B-128. 


RAYTHEON COMPUTER, 2700 South Fairview Street, Santa Ana, California 92704 
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NEW PRODUCTS 


PLUG-IN IMPULSE DISPLAY 


Impulse-actuated and magnetically- 
detented display was especially de- 
signed for miniaturized readout ap- 
plications in computer and data 
annotation systems. Called the Logi- 
cator II, it is described as a fast- 
acting readout module available in 
integral packages of from three to 
eight units, each of which is inde- 
pendently operated through a three- 
wire system by computer or converter 
codes. Each modular wheel has 12 
positions: 10 for 0-9 numerals, and 
2 for letters or symbols. Inherent 
memory magnetically holds all read- 
out positions without any power in- 
put until change pulses are received. 
Plug-in nature of the individual 
wheel modules, which are immedi- 
ately accessible behind the assembly 
faceplate, facilitates almost instant 
replacement of damaged modules or 
substitution of other desired readout 
configurations. Total response time 
is half a second, maximum, for ad- 
jacent numerals; and one second, 
maximum for numerals requiring 
180° of wheel rotation. Each wheel 
requires 1.5 watts of 24 vdc pulsed 
power. A five-wheel assembly case 
measures 1.937” across the reading 
face, 0.9” in height, and 2” in length. 
3owmar — Fort Wayne Div., Fort 
Wayne, Indiana. 
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DATA PRINTERS 


New printers are parallel-entry re- 
corders capable of printing a line of 
20 characters at the rate of two lines 
per second. Standard inputs are low- 
level 8421 BCD codes. Standard 
characters are the ten decimal digits, 
a minus sign, and a blank space. 
Units are designed for continuous 
operation in industrial and scientific 
systems. Standard, solid-state plug-in 
modules are used to increase service- 
ability; the modules are also avail- 
able for implementing custom logic 
designs. Control] Equipment Corp., 
Needham Heights, Mass. 
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IC CARDS 


30th TO-5 and flat pack types of 
integrated circuits can be bread- 
boarded on new integrated circuit 
cards. ‘These cards are of gold- 
plated glass epoxy with flat pack 
mounting tabs on one side and TO-5 
pads on the other. Six integrated 
circuits can be intermixed on the 
boards in any combination. Price 
of the new integrated circuit cards 
is $4.95 each in lots of 50-99. Triad 
Distributor Div., Litton Industries, 
Huntineton, Ind. 
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SCIENTIFIC CALCULATOR 


A. solid-state, desk-top instrument 
was designed for high-speed engi- 
neering and scientific calculations. 
The new unit is said to provide the 
engineer and researcher with an ex- 
tremely flexible, relatively low-cost 
tool for performing a broad range 
of normally tedious and time-con- 
suming calculations. It can execute 
all normal arithmetic operations 
(+, —, X, +) within a fraction of 
a second. In addition, it has the 
capability of providing, with a sin- 
gle keystroke, the square, square 
root, natural logarithm, and _ ex- 
ponential of any number previously 
entered or calculated. All data en- 
tered are automatically converted to 
natural logarithms, are operated on 
in this form, and then are recon- 
verted to decimal form for readout. 
This process greatly simplifies and 
speeds the internal arithmetic of the 
instrument, and extends its capa- 
bilities substantially beyond those of 
any other device within its price 
range, according to the company. 
The Model 320 consists of a small 
keyboard-and-display console scarce- 
ly larger than a telephone, together 
with a compact electronics package 
(less than ¥% cubic foot in size) 
which can be placed in any con- 
venient location up to 200 feet from 
the console. Entries and results are 
displayed instantaneously on the 
console. The Model 320 with one 
keyboard and electronics package is 
priced at $2095, and _ additional 
keyboard units list for $495 each. 
Wang Labs, Tewksbury, Mass. 
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INFORMATION SYSTEMS 
SCIENTISTS AND ENGINEERS 


Bendix Research Laboratories has excellent career opportunities for B.S., M.S., and 
Ph.D. graduates with 2 to 15 years experience in one or more of the following key areas: 


@ ARTIFICIAL INTELLIGENCE, pattern recog- 
nition, trainable systems, adaptive logic. 


@ COHERENT OPTICAL PROCESSING, spatial 
filtering, optical correlation, electro-optical 
systems and components. 


@ DIGITAL COMPUTER DESIGN, systems 
analysis, logic and circuit design, real-time com- 
puter control. 


@ ANALOG COMPUTERS AND SYSTEMS, infor- 
mation theory, control theory, circuit and servo 
analysis, correlation techniques. 


@ REAL-TIME COMPUTER PROGRAMMING, 
mathematical analysis, scientific computing. 


Assignments involve research and development in automatic extraction of information 
from photographic records, image processing and analysis, adaptive and trainable 
control systems, digital and hybrid computing techniques, and advanced real-time 
computer control applications. 

Interested individuals are invited to call collect or to send a resume to our Personnel 
Director. 


Research Laboratories Division 
Southfield, Michigan + (313) 353-3500 


An equal opportunity employer 


Gendix7 


CORPORATION 
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vetty oo HAG VOLTA 


for 


COMPUTER 
DISPLAY 


all solid state 


or fast response hybrid models 


from 10-45 KV, to 120 Watts 


We 


WALDEN ELECTRONICS CORP. 
WALTHAM ENGINEERING CENTER 
223 CRESCENT STREET 
WALTHAM, MASSACHUSETTS 02154 


CIRCLE NO. 64 ON INQUIRY CARD 


87 


OAOOEOMP) 


88 


ENGINEERS 


We Challenge 
You to Check 
Our Record! 


We know you'll find an atmosphere 
and growth pattern that affords the 
creative engineer an opportunity to... 


— Express individual initiative and 
action. 


— Engage in state-of-the-art design 
and development of digital com- 
puter equipment—for both commer- 
cial and government applications. 


— Attain a sense of accomplishment 
by undertaking projects from de- 
sign to operating hardware. 


If this challenge interests you and you 
qualify, we want to talk to you! 


Sr. Systems Engineer 


To develop advanced systems con- 
cepts for NASA meteorological satel- 
lite program. Must have MS or PhD 
in EE or Physics with 5 or more years 
experience in systems analysis, logic 
design, hardware development of 
missile and/or satellite guidance and 
control systems employing computer 
and telemetry networks. 


Systems Engineers 


To perform systems design of inter- 
face equipment to adapt CalComp 
plotting equipment to the new 
generation of computers. Must have 
experience in digital logic and circuit 
design of computer systems and 1/0 
equipment. 


Circuit Design Engineers 


To perform design of digital circuits. 
Must be experienced in integrated cir- 
cuit specifications, application and 
test requirements. 


Sr. Mechanical Engineer 


BS or MS in ME with 5 or more years 
experience in mechanisms design and 
dynamic design analysis of peripheral 
computer equipment; i.e., magnetic 
tape transports, printers, plotters, etc. 


Contact or send resume to 


T. E. HARDY (714) 774-9141 


California Computer 
Products, Inc. 
305 N. Muller, Anaheim, Calif. 


An Equal Opportunity Employer 
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NEW PRODUCTS 


MATRIX PROGRAM BOARDS 


New 3-D program boards with rigid 
0.106 dia. 2-D and 3-D pins, shorting 
and coaxial type, are said to widen 
the function of matrix switching. 
Crosspoints are on 1%” centers. Full 
line interface contact of pin to closed 
entry contact strips provides reliable 
electrical characteristics. Standard 
matrices from 100 to 625 crosspoints 
are offered; custom units to 11,000 
crosspoints are also available. These 
program boards have been used as 
variable diode matrices, systems in- 
terfaces, computer memories, circuit 
selectors, and variable process pro- 
erammers. CO-ORD Switch Div. 
LVC Industries Inc., Corona, N. Y. 
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LOGIC CARDS 


A new logic card with two adjust- 
able fast recovery one-shots is ca- 
pable of operating in a temperature 
range from —20C to +/70C. Pulse 
width stability in this range is 
+0.06%/C. Both circuits can be 
adjusted by potentiometers mounted 
on the 1/16 inch thick, flame resis- 
tant, glass impregnated epoxy board. 
With a nominal pulse width of 25 
+10 percent, the one-shot’s 
maximum pulse with an external ca- 
pacitor is 10 seconds. AC set input 
loading is 2.5C per input, amplitude 
is 10 +2 volts, and rise time is 0.5 
usec. maximum. DC set and reset in- 
put loading is 1.5N per input, with an 
amplitude of —10 +2 volts and a 
duration of 5 usecs. maximum. Wyle 
Laboratories, E] Segundo, Cal. 


usec, 
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PHOTOELECTRIC KEYBOARD 


A completely solid-state photoelectric 
keyboard can be adapted to almost 
any encoding and power require- 
ment. The keyboard utilizes long- 
life lamps which excite an arrange- 
devices. 
When a key is depressed, a given 


ment of photo-sensitive 
arrangement of shutters, unique to 
that key, blocks the light path to a 
series of photoelectric sensors, and 
initiates a delayed clock pulse. Data 
cannot be released for external use 
until this delayed clock pulse has 
been accomplished, thus eliminating 
ambiguous codes. Keys are in modu- 
lar rows and each row can generate 
eight bits plus a clock pulse. Keys 
are spaced on multiple centers of 
0.750 inch, both horizontally and 
vertically, to any customer arrange- 
ment. Quantity of keys per row and 
number of rows per keyboard are 


controlled by the customer’s config- 
uration. This button spacing feature 
and the modular row approach 
means that a wide range of “special” 
keyboards can be implemented quick- 
ly and economically. This solid-state 
keyboard is said to offer other ad- 
vantages over its electro-mechanical 
counterparts including extremely 
high reliability since only one me- 
chanical part per key travels, and 
switching is accomplished by the 
presence or absence of light on high- 
ly reliable solid-state sensors. MTBF 
of the lamps is above 20,000 hours. 
An added feature of the keyboard 
over its electro-mechanical counter- 
part is the nine output connections 
to be wired, against possibly hun- 
dreds of connections on an electro- 
mechanical keyboard. Telemetrics 
Div., TMC, Santa Ana, Cal. 
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COMPUTER POWER SUPPLIES 


Rack-mounted dc power supplies 
have been developed primarily for 
use with data processing, computer, 
and automation equipment. Avail- 
able in single and multiple output 
configurations, they offer such op- 
tions as overvoltage protection, volt- 
age margining, energy storage, and 
instantaneous turn off during a short 


circuit to prevent burn-up of logic 
wiring. Standard specs include input 
range of 100-130 vac, 47-63 cps, 
regulation of 0.1% for fluctuations 
of line and load, ripple 1 my rms 
maximum, and transient response of 
40 microseconds. Output voltages up 
to 100 vde, and currents up to 50 
amps, are available. Powertec, Inc., 


Van Nuys, Cal. 
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SJCC 
INTERVIEWS 


. at Honeywell EDP’s nearby facili- 
ties, or at the Convention hotel in 
Boston, may be arranged by calling 
Mr. Edwin Barr at 266-7128 during 
SJCC or 891-8400 prior to your arrival. 


Take full advantage of this dual oppor- 
tunity, meet and talk with our senior 
technical staff about the present and 
future career positions at Honeywell 
EDP, and accept their invitation to 
visit Honeywell’s suburban Boston 
facilities. 


Positions exist in all major areas of 
advanced computer technology, with 
emphasis in the areas of: 


LOGIC DESIGN 
SYSTEMS DESIGN 
CIRCUIT DESIGN 
MEMORY SYSTEMS 
DEVELOPMENT 
SYSTEMS ANALYSIS 
TERMINAL EQUIPMENT 
DESIGN 
MASS STORAGE 
DEVELOPMENT 
DESIGN AUTOMATION 
PROGRAMMING 
DIAGNOSTIC 
PROGRAMMING 


If an interview during the SJCC is not 
convenient, forward your resume to 
Mr. Edwin Barr, Employment Super- 
visor for prompt consideration. 


Honeywell 


ELECTRONIC DATA PROCESSING 
200 Smith Street, Dept. CD-4 
Waltham, Massachusetts 


Opportunities exist in other Honeywell Divi- 
sions. Send resumes to F. E. Laing, Honeywell, 
Minneapolis, Minnesota 55408. An equal 
opportunity employer M&F, 


ON TUE WED THU FRI SAT 


Pore Kian © 
3 09678 9 
10 11 12 13 14 15 16 
17 18 19 20 21 22 23 
24 29 
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See these 
proven 


Ferranti-Packard 
Tape Readers 


at Booth 910 
TYPE 228A 
TYPE 422 MILITARIZED 


TYPE 260 MILITARIZED 


‘cganaiels MILITARIZED 

Processes punched 
tape at an average 
speed of 620 
characters per 
second, 


Lightweight reader 
reads tape from 

an endless loop 
magazine at speeds 
up to 100 characters 
per second. 


Solid state design. 
Bi-directional operation 
at speeds of 300 and 
600 characters per 
second. 


SECOND FLOOR 
SPRING JOINT COMPUTER 
CONFERENCE 


BOSTON — 26/28 APRIL 


Bi-directional, high 

speed reader-spooler 
combination. Desk Top 
Reader also available. 


FERRANTI-PACKARD ELECTRIC LIMITED 


ELECTRONICS DIVISION ¢ TORONTO 15 e ONTARIO © CANADA 
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ATTENTION REGULAR COMPUTER DESIGN READERS .. . 
A NEW SUBSCRIPTION QUALIFICATION CARD HAS RECENTLY BEEN 
MAILED TO YOU PLEASE MAIL THE CARD BACK PROMPTLY 


If you have found Computer Design useful in your work, and wish to continue your subscription, you 
must now restate your qualifications as requested on the card — AND — MAIL THE CARD BACK PROMPTLY. 


ARE YOU AWARE OF OPPORTUNITIES... 
IN INDUSTRIAL COMPUTER TECHNOLOGY 


the growing demands of non-defense industries, such as 
chemicals, petroleum, power and paper, presents new 
challenges which in many cases have never before been 
tackled. We invite you to learn more about us and de- 


The field of industrial computers has mushroomed on a 
national and international scale. In fact, it is one of the 
fastest growing of the whole computer industry and 
presents a highly sophisticated real-time hardware and 


software challenge. The Foxboro Company, over 50 years termine how your experience can add strength and 
a leader in industrial controls, is at the forefront of in- leadership to our capabilities. 
dustrial computer technology. Designing systems to meet 
DEVELOPMENT ENGINEER — CIRCUIT DESIGN SYSTEMS ENGINEERS SENIOR DEVELOPMENT ENGINEER 
BS or MSEE with 3-5 years’ experience in BS or MS in engineering. Minimum 3 years’ — DIGITAL CIRCUIT DESIGN 
digital circuit design. Emphasis on integrated experience including project engineering, pro- BSEE with 4-6 years’ experience in circuit 


circuits is desirable. Some knowledge of 
logic design, programming, and computer 
organization is required. Will participate in 
the design and application of solid state 
digital and analog circuits as applied to 
computer control systems and related prod- 
ucts. Also, the design of advanced 1/O 
equipments which interface digital computers. 


DIGITAL PROJECT ENGINEERS 


BSEE with training in computer technology. 
At least two years’ experience in computer 
applications, with knowledge of logic design, 
programming, and proven ability in project 
engineering. Responsible for equipment 
specification and design on customer projects. 


gramming, instrumentation, application of 
digital computer equipment, system start-up, 
and customer negotiation. Ability to define 
system specification, design, checkout, etc. 
Technical decisions on application require- 
ments, manpower capabilities, time and cost. 
Principal technical responsibility for customer 
projects. 


PROGRAMMERS & SENIOR PROGRAMMERS 


Engineering or Scientific degree desired with 
systems programming ability. At least 2 
years’ solid programming. Mathematic analy- 
sis and process control experience plus 
knowledge of assemblers and compilers is 
desirable to handle industrial process control 
problems. 


design of high speed digital circuitry above 
2 megacycles. Emphasis on integrated circuit 
design application. Should have background 
in noise, signal propagation and all logical 
element design problems. Proven ability to 
handle project efforts in circuit engineering. 
Contributes to system logic organization for 
analyzing optimum logic and circuit configura- 
tions. 


SENIOR SYSTEMS ANALYSTS 


Computer process control. Advanced ME or 
ChE degree preferred. Must have 5-10 years’ 
experience in chemical, refinery or power 
plant computer automation. Simulation and 
process modeling experience desirable. 


SJCC IF: You are unable to attend SJCC . . . You don’t see your area 
listed . . . You wish to be kept posted on future openings. THEN: 
With no red tape and under no obligation, forward your resume 


For an interview with one of our technical managers, 
please call Mr. J. G. Willett — at 361-8350, ext. 2961 - 

during the SJCC Meeting, Boston, Massachusetts, April 
25 through 28 from 8:00 A.M. to 10 P.M. Resume not 


required. 


(inquiry) in confidence to: 
Professional Staffing, Central Recruiting Office 
THE FOXBORO COMPANY 
4CD Neponset Avenue, Foxboro, Massachusetts 
AN EQUAL OPPORTUNITY EMPLOYER 


Clip out for reference Clip out for reference 
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ENGINEERS 


You can almost sense its intelligence. 


(Testing it is a little more complex.) 


The F-111. A magnificent new fighting machine. How- 
ever, our AGE engineers see it mostly as a fascinating 
complex of signals, information conversions and dis- 
plays. 


In more rigorous language, the Aerospace Ground 
Equipment we’re developing to analyze the many 
pulses of the F-111 is a highly automated system in 
itself... including a video station, receiver/transmitter 
modulator station, indicator/controls station, central 
air data computer station, radar servo and indications 
station, computer station, penetration aids station, 
attitude and rate station, UHF communications station, 
HF communications station, TACAN station, HF com- 
munications flight-line tester, IR station, and UHF 
guidance station. 


Other programs bring our engineers into equally 
sophisticated internal and external checkout systems 
for missiles like Atlas, Nike-Zeus, and Polaris. Some 
new work now underway in AGE encompasses the 
ANEW anti-submarine warfare system... flight-line and 
depot systems for terrain-following radar...SSB equip- 


ment...sonobuoy system test generators, radar simu- 
lators, transponder test sets, and an ever-lengthening 
list of others. 


Theoretically, this kind of AGE has to be more advanced 
in its ‘state-of-the-art’ than the equipment it serves. 
If you doubt the hypothesis, the Electronics Division of 
General Dynamics may be the best of all places for 
you to test it. And yourself. 


Opportunities are available now to graduate Electronic 
Engineers with related experience in systems integra- 
tion, radar AGE design, IR AGE design, ECM AGE de- 
sign, HF SSB systems design, analog computer circuitry 
design and digital logic design. 


Or you might like to pit your intellect against a provoc- 
ative study or development program in one of our other 
laboratories — radio communications, data equipment, 
ASW, reconnaissance & countermeasures, space com- 
munications & navigation aids, tracking systems. 


Please send resumes to Mr. L. A. Corwin, Dept. 124 


GENERAL DYNAMICS 
Electronics Division 
1400 N. Goodman St., Rochester, New York 14601 


An equal opportunity employer 


(M&F) 
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Vd LITERATURE 


Digital Instruments 


A new six-page catalog describes 
standard line of frequency counters 
and timers, pulse and time delay 
generators, printers, and specialized 
digital systems capabilities. Com- 
puter Measurements Co., San Fer- 
nando, Cal. 
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Digital Plotting Systems 


16-page bulletin summarizes the 
characteristics of a plotting system. 
The literature also presents pertinent 
points of consideration in the evolu- 
tion of plotting systems and provides 
comparative specifications on various 
models. California Computer Prod- 
ucts, Inc., Anaheim, Cal. 
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Indicator Lights 


A 16-page catalog presents a wide 
array of miniature and large indi- 
cator lights (many of which meet 
or exceed the requirements of MIL- 
L-3661) for use with neon or in- 
candescent light sources and tam- 
per-proof open-type assemblies and 
lens caps for panel mounting. Cov- 
ered are indicator lights for mount- 
ing in 9/32”, 7/16”, 11/16”, and 1” 
clearance holes — each fully docu- 
mented with data, materials and 
finishes, and catalog number charts 
to simplify selection and procure- 
ment. Hot-stamped or engraved leg- 
ends are available with many series 
for readout applications. Lamp 
charts listing appropriate lamps for 
use with any given indicator light 
are included. Dialight Corp., Brook- 
lyn, N.Y. 
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We're not escalating. 


WE RE EXPLODING 


Tally in Seattle needs engineers. Design, 
research, test and reliability engineers at 
all levels of experience. The war has 
nothing to do with it. The information ex- 
plosion does. We're caught in the fastest- 
growing part of it— data communications. 
What's more, we make the finest digital 
data equipment for this field. It all adds 
up to an exceptional opportunity for 
those who join us now. 

You'll be joining a leader. For the past 
four years Tally's had the No. 1 brand 
name (according to independent surveys) 
in paper tape readers and perforators. 
Our know-how and experience with 
electro-mechanical mechanisms gave us 
a foot in the door in the business data 
field. Now we're ready to kick it open. 
Tally's medium-sized, soundly managed 
and financed, and primarily concerned 
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with commercial business. Once you live 
in the Pacific Northwest, you'll probably 
become a fanatic believer like the rest 
of us. 


If your experience includes design of 
electromechanical devices, digital logic 
systems, machine design, or if you have 
reliability and test skills, please phone or 
send your resume to J. E. Warren, Tally 
Corporation, 1310 Mercer Street, Seattle, 
Washington 98109. Phone: (206) 624-0760. 
An equal opportunity employer. 


TALLY’ 


Pulse Generator 


Variable linear rise time to 4.0 ns, 
variable baseline level, rep rates to 
40 mc, and other features of a new 
pulse generator are illustrated with 
waveform photos in a technical bul- 
letin. Datapulse Inc., Inglewood, Cal. 
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Stepping Switches 


A 34-page stepper catalog contains 
a concentrated “short course” for 
designers of multiple circuitry. In- 
cluded are photographs, working 
drawings, specs, and operating data. 
Special sections include application 
guides, stepper terminology, a guide 
to stepper selection, and ordering in- 
formation. Guardian Electric Mfg. 
Co., Chicago, Il. 


Circle No. 222 on Inquiry Card 


Dual Output Supply 


Data sheet describes a dual output 
power supply designed to meet the 
requirements of MIL-E-16400 and 
intended for use in instrumentation 
and systems in ground support ap- 
plications. The power supply op- 
erates from a 115 volt 60 cps source 
and delivers dual outputs of + 26 to 
+30 volts and —26 to —30 volts 
at up to 6 amps, both highly regu- 
lated to within 0.1% for a +5% line 
or load swing. Chatham Electronics, 
Div. of Tung-Sol Electric Inc., Liv- 


ingston, N. J. 
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Automatic Voltage Regulations 


Four-page bulletin describes a new 
line of automatic voltage regulators 
which provide closely regulated ac 
output voltages from varying input 
voltages. The units utilize solid- 
state control to maintain a pre-se- 
lected output voltage level within an 
accuracy of +1 percent. They can 
be cabinet or relay rack mounted. 
General Electric Co., Schenectady, 
New York. 
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Boston Technical Publishers, Inc. . . . announces an unprecedented offer of 


10 FREE HARDCOVER BOOKS 


of your own choice on prepaid orders of any 15 or more assorted 
titles of equal or higher prices. You will receive 25 books for the price 
of 15 (on orders of only 5 or more assorted titles you will receive 2 
FREE BOOKS). You may order single or multiple copies of any titles 
at our reduced prices, individually, or jointly with your colleagues. 
Please send all orders with checks marked “COMPUTER DESIGN, April 
1966 Offer.” If you prefer, you may pay in three or six equal monthly 
installments. We even pay all .postage/handling expenses. FREE 
BOOKS OFFER EXPIRES JULY 31, 1966 


Choose from the list of outstanding technical books reprinted and 
clothbound in USA 1964-66 


These were originally published by America’s leading publishers at 
55% to 140% higher prices, and are currently among the most widely 
used and best known elec. engineering books 


Beam and Wave Electronics in Microwave Tubes. By R. G. E. Hutter, Chief 
Engineer, Special Tube Operations, Sylvania Electric Products, Inc. (1960) Pp. 
378, Illus. Catalog No. EM1....Orig. Price: $10.75....Our Price: $6.50. 
Measurements at Centimeter Wavelength. By D. D. King, Vice President and Di- 
rector Research Division, Electronic Communications, Inc. Pp. 327, Illus. Catalog 
No. EM2....Orig. Price: $7.50....Our Price: $4.50 
Transient Circuit Analysis. By Y. H. Ku, Prof. of Electrical Engineering Moore 
School of Elec. Engineering, Univ. of Pennsylvania. (1961) Pp. 441, Illus. 
Catalog No. EM3....Orig. Price: $13.00....Our Price: $7.75 
Foundations of Electrodynamics. By P. Moon, Assoc. Prof. of Elec. Engineering, 
Massachusetts Institute of Technology; and D. E. Spencer, Assoc. Prof. of Mathe- 
matics, Univ. of Connecticut. (1960) Pp. 314, Illus. Catalog No. EM4... .Orig. 
Price: $9.75....Our Price: 7. 
Control Engineering By G. J. Murphy. Nee Pp. 385, Illus. Catalog No. EM5 
.Orig. Price: $7.50....Our Price: 
Transient and Steady- State ‘Analysis of Pietric Networks. By E. Peskin, Prof. 
of Elec. Engineering, Stevens Inst. of Technology. (1961) Pp. 423, Illus. 
Catalog No. EM6....Orig. Price: $13.00....Our Price: $7.50 
Functional Circuits and Oscillators. By H. J. Reich, Prof. of Electrical Engineer- 
ing and Applied Science, Yale Univ. (1961) Pp. 466, Illus. Catalog No. EM7.... 
Orig. Price: $12.50....Our Price $7.75 
Microwave Theory and Techniques. By H. J. Reich, P. F. Ordung, Head, Dept. 
of Elec. Engineering, Univ. of California (Santa Barbara): H. L. Kraus, Assoc. 
Prof. of Elec. Engineering, Yale Univ.: and J. G. elas Assoc. Prof. Elec. 
Engineering Yale Univ. Pp. 902, Illus. Catalog No. EM8....Orig. Price: $14.25 
....Our Price: $8.75 
Fundamentals of Radio Communications. By A. Sheingold, Assoc. Prof. of Elec- 
tronics and Physics, U. S. Naval Post Graduate School, Monterey, Calif. Pp. 
442, Illus. Catalog No. EM9....Orig. Price: $7.95....Our Price: $5.50 
Very High Frequency Techniques. Prepared by the Staff of the Radio Research 
Laboratory, Harvard University, N.D.R.C., under the editorship of H. J. Reich, 
Yale Univ., and developed under the sponsorship of the Office of Scientific Re- 
search and Development. Foreword by Prof. F. E. Terman Pp. 1047, Illus. Two 
Volume Set—Combined in One. Catalog No. EMI10... 
Price: $9.75 
Ultra High Frequency Propagation. By H. R. Reed, Prof. of Elec. Engineering, 
Univ. of Maryland, Consultant N.A.T.C., C. M. Russell, Chief, Traffic Control 
Research, Systems Research and Development Service; (1964). Pp. 562, Illus. 
Catalog No. EMI2....Revised 1964 Edition....Our Price: $6.75. 
The Metallurgy of SemiConductors. By Yu. M. Shashkov. Authorized Translation 
from the Russian by J. E. S$. Bradley, Ph.D. (1961). Pp. 183, Illus. Catalog 
No. EM14....Orig. Price: $9.50....Our Price: $5.75 
Ferrites at Microwave Frequencies. By A. G. Gurevich. Authorized translation 
from the Russian by A. Tybulewicz, B.Sc., M.l.Inf.Sc. (1963). Pp. 329, Illus. 
Catalog No. EMI5 .. . . Orig. Price: $17.50 . . . . Our Price: $8.75 
Magnetic Transitions. By K. P. Belov. Authorized translation from the Russian 
by W. H. Furry (1961). Pp. 242, Illus. Catalog No. EM16....Orig. Price: $12.50 
....Our Price: $6.75 
Introduction To Neutron Physics. By L. F. Curtiss, Consultant to the Director 
of Standards. (1959). Pp. 380, Illus. Catalog No. NS9....Orig. Price: $10.75 
. Our Price: $5.75 
pr eye Data Processing System Design. By A. D. Even Management Con- 
ultant and Pilot Project Officer, U. S. Army Ordnance Corps. (1960) Pp. 282, 
Illus. Catalog No. MS1....Orig. Price: $8.50....Our Price: $4.75 
Principles of Modern Acoustics. By G. W. Swenson, Prof. of Elec. Engineering, 
Univ. of Illinois. Pp. 222, Illus. Catalog No. MS3....Orig. Price: $6.00....Our 
Price: $4.50 
Airborne Radar. By D. J. Povejsil, Director, New Product Service; R. S. Raven, 
Advisory Engineer, Weapons Systems Development, both at Westinghouse Elec- 
tric Corp.; and P. Waterman, Head. Equipment Research, U. S. Naval Research 
Lab. (1961). Pp. 823, Illus. Catalog No. AS2....Orig. Price: $20.00....Our 
Price: $9.75 


“Expense on books is an investment in knowledge— 
—in professional and financial advancement!” 


If your employer does not reimburse you— 
—it is a tax deductible expense 


Now you can have your own HARDCOVER BOOKS at almost PAPER- 
COVER PRICES especially when you receive FREE BOOKS on large 
individual or group orders as offered above. 


BOSTON TECHNICAL PUBLISHERS, INC. 


Central Sq./Box 111, Cambridge, Massachusetts 02139 
Phone (617) 491-0443 


Orig. Price: $19.00... .Our. 


MASSACHUSETTS INSTITUTE OF TECHNOLOGY 
RADIATION LABORATORY SERIES 


Radar System Engineering — Ridenour. 
at. #RL1...Orig. Price: $12.50... 
Our Price: $5.50 

Radar Aids to Navigation — Hall. Cat. 
FERL2...Orig. Price: $10.00...Our 
Price: $5.00 

Radar Beacons — Roberts. Caf. #RL3 
...Orig. Price: $9.50...Our Price: 
$4.25 


Loran — Pierce, McKenzie, and Wood- 
ward. Cat. ZRL4...Orig. Price: 
$10.00...Our Price: $4.50 

Pulse Generators — ee and Le- 
bacqz. Cat. $RL5.. mae Price: 
$12.50...Our Price: $55 Nice Ga 

Microwave ‘Ma netrons — Collins. Caf. Vacuum Tube Amplifiers — Valley and 
ERL6. . Orig. Price: $13.50...Our Wallman. Cat. Rls ... Orig. Price: 
Price: $5.75 $13.50...Our Price: $5.75 


Klystrons and Microwave Triodes -— Waveforms — Chance, Hughes, Mac- 
Hamilton, Knippe and Kuper. Cat. Nichol, Sayre, and Williams. Cat. 
FRL7...Orig. Price: $11.00...Our Z#RLI9.. Orig. Price: $13.50...Our 
Price: $5.00 Price: $5.75 

Principles of Microwave Circuits — Electronic Time Measurements — 
Montgomery, Dicke, and Purcell. Chance, Hulsizer, MacNicol, and 
Cat. #RL8...Orig. Price: $10.00... Williams. Cat. RL20...Orig. Price: 
Our Price: $4.50 $11.00...Our Price: $5.00 

Microwave Transmission Circuits _— Electronic Instruments — Greenwood, 
Ragan. Cat. #RL9...Orig. Price: Holdam, and MacRae. Cat. #RL21 


$12.00...Our Price: $5.25 
Waveguide Handbook — Marcuvitz. Cat. $5. 
H#RLIO...Orig. Price: $11.00. ..Our ciate Ray Tube Displays — Soller, 
Price: $5.00 Starr, and Valley. Cat. #RL22.. 
Technique of Microwave Measurements Orig. Price: $13.50...0Our Price: 
~— Montgomery. Cat. #RL11...Orig. $5.75 
Price: $14.50...Our Price: $6.00 Microwave Receivers — Van Voorhis. 
Microwave Antenna Theory and Design Cat. #RL23...Orig. Price: $11.50 
~— Silver. Cat. RL12...Orig. Price: .Our Price: $5.00 
$12.50...Our Price: $5.50 Threshold Signals — Lawson and Uhlen- 
Propagation of Short Radio Waves — beck. Cat. #RL24...Orig. Price: 


‘ ae Price: $13.50. ..Our Price: 


Kerr. Cat. ZRL13...Orig. Price: $9.50...Our Price: $4.25 
$13.00...Our Price: $5.50 Theory of Servomechanisms — James, 
Microwave Duplexers — Smullin and Nichols, and Phillips. Cat. #RL25 
Montgomery. Cat. #RL14...Orig. ..Orig. Price: $9.50...Our Price: 
Price: $9.50...Our Price: $4.25 $4.25 
Crystal Rectifiers — Torrey and Whit- Radar Scanners and Radomes — Cady, 


mer. Cat. RL15...Orig. Price: 
$8.50...Our Price: $4.00 


Karelitz, and Turner. Cat. #RL26 
. Orig. Price: $10.00. ..Our Price: 


Microwave Mixers — Pound. Caf. $4.50 
HRLI6...Orig. Price: $8.75...0ur Computing Mechanisms and_ Linkages 
Price: $4.00 — Svoboda. Cat. 2RL27...Orig. 
Components Handbook — _ Blackburn. Price: $8.50...Our Price: $4.25 


Cat. #RLI7...Orig. Price: $11.50 Index — Henney. Cat. #RL28...Orig. 
...Our Price: $5.00 Price: $4.50...Our Price: $3.25 


New 1966 EDITION, coming off the press Mid April 1966 


Integrated Circuit Engineering—Basic Technology by G. R. Madland, R. L. 
Pritchard, H. K. Dicken, D. B. Kret, R. D. Richardson and F. H. Bower of 
Integrated Circuit Engineering Corp., Phoenix, Arizona. A major reference work 
embodying the findings and experience of a team of recognized integrated cir- 
cuit specialists—20 selections including 6 on processing, 7 on design, 4 on 
reliability and testing and 2 on management—406 pages, over 400 illustrations 
82" x 11”, clothbound POSTPUBLICATION PRICE $22.50 Cat#ICl .. . Prepaid, 
PREPUBLICATION PRICE $18.50 thru April 30, 1966. 


bs: Boston Tech. Publishers, Central $q./Box 111 
Cambridge, Mass. 02139 

| ORDER FORM 

1/We wish to pay for books Catalog 3 RLI1 RL2 RL3 RL4 RL5 RL6 
| RL7 RL8 RL9 RLIO RLI1 RLI2 RLI3 RLI4 RLIS RL1IO RLI7 RLI8 

RL19 RL2O RL21 RL22 RL23 RL24 RL25 RL26 RL27 RL28 EM] EM2 
1 EM3 EM4 EM5 EM6 EM7 EM8 EM9 EMI10O EM12 EM14 EMI15 EM16 NS9 
1 MSI MS3 AS2 ICI 


| and receive as FREE BOOKS Cat. Ff. .ccccccccccccescoscececs Sowers 
I 
| Check enclosed $..... «+... Balance will be paid in .......... equal | 
monthly installments. 
| NAMG viiesecsascnee scccseccesesscceccceces Date ececcceee | 


30 DAYS UNCONDITIONAL REFUND PRIVILEGE ON ALL BOOKS 
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ENGINEERS 


PROGRAMMERS 


Let’s Talk About Growth... 
Yours and Ours!!! 


Burroughs has a 78 year record of ac- 
complishment in the field on computa- 
tion. A significant barometer of Bur- 
roughs growth today is reflected in 
our Corporate profits—up 20% in 1964 
and a phenomenal 71% in 1965. 


Specializing in the design, development 
and manufacture of commercial elec- 
tronic data processing systems and 
auxiliary equipments, our Pasadena 
Plant is playing an important role in 
the overall growth of the Corporation. 
Few California businesses have charted a 
steadier, more progressive growth pat- 
tern. This Division has developed such 
industry-acknowledged firsts as the 
B 5500 Information Processing System, 
the B 100, 200 and 300 series of 
computers and the On-Line Disk File 
System. A whole geneology of sophis- 
ticated systems such as these have 
contributed importantly to Burroughs 
reputation. 


This growth pattern is conducive to 
the advancement of career-minded engi- 
neers and programmers. Creative efforts 
are rewarded with stimulating and chal- 
lenging assignments in broad areas of 
the total system concept. 


Immediate requirements exist for: 


¢ ELECTRONIC & MECHANICAL 
ENGINEERS 
Experienced in computer design 


© MANUFACTURING ENGINEERS 
Experienced in electro-mechanical 
manufacturing 


e PROGRAMMERS 
Experienced in systems or 
applications programming. 


Please forward resume to F. P. Wilson 
460 Sierra Madre Villa 
Pasadena, California 


Burroughs * 
Corporation Berm 


PASADENA, CALIFORNIA 
An Equal Opportunity Employer 


CIRCLE NO. 904 ON INQUIRY CARD 


94 


LITERATURE 


IC Guide 


An 8-page quick reference guide pre- 
sents schematic diagrams, design 
features, and complete model desig- 
nations of 64 digital and linear in- 
tegrated circuits. The digital circuit 
line includes a wide range of devices, 
such as NAND gates, flip-flops, pulse 
binary counters, line drivers, level- 
detector/Schmitt triggers, diode ar- 
rays, monostable multivibrators, AND 
or NAND gates, interface circuits, 
level shifters, and destructive read- 
out bit drivers. Many of the cir- 
cuits are available with numerous 
combinations of inputs, nodes, and 
collector resistors. Westinghouse Mo- 
lecular Electronic Div., Elkridge, 
Maryland. 


Circle No. 209 on Inquiry Card 


PC Reed Switches 


An 8-page specification and applica- 
tion data booklet describes and illus- 
trates a complete line of printed cir- 
cuit dry reed switches called Cor- 
Dimensional diagrams are 
used illustrate ten basic forms. 
Corresponding tables list coil resis- 
tance and turns, the operate-release- 
maximum voltage for nominal dc 
voltages, and indicate those modules 
available directly from stock. Tech- 
nical information includes timing 
curves and explanations of the use 
of magnetic biasing. Automatic Elec- 
tric Co., Northlake, IIl. 


reeds. 
to 
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Data Processor 


New solid-state data processor which 
can be used with most dual beam 
spectrophotometers without major 
changes in existing equipment is de- 
scribed in a four-page bulletin. The 
unit compares specimens against a 
standard specimen, integrates pen 
position, corrects spectrophotometer 
100% line, and digitizes and punches 
output on paper tape. Hoffman 
Electronics Corp., Industrial Prod- 
ucts Div., Santa Barbara, Cal. 


Circle No. 220 on Inquiry Card 


How can the 
information 


revolution help you? 


By providing...at Western Union... 
new ground-floor opportunities for 
personal career development in the 
rapidly expanding information/ tele- 
communications revolution. Here are 
some examples: 


Manager—Network Analysis 


Six to ten years experience in communi- 
cations field, three to five years man- 
agerial, with experience in transmission 
systems, switching systems, terminal de- 
vices, and operations. Thoroughly fa- 
miliar with literature in fields of netting, 
and traffic analysis and general com- 
munications theory. Extensive back- 
ground in numerical analysis, modeling 
techniques, use of digital and analog 
computers to solve engineering prob- 
lems. Prefer MS or better in Electrical 
Engineering. 

Senior Level Programmers 
Real Time/Systems/ Scientific 
Minimum of six years concentrated pro- 
gramming experience. MS degree and/ 
or communications experience desira- 
ble. Must demonstrate knowledge of 
several machine and higher-level lan- 
guages and prior experience in the de- 
velopment and programming of soft- 
ware systems and/or programming and 
understanding of complex engineering 
problems. Will work on state-of- 
the-art digital/ communications on line 
real time; multiprocessing; message 
switching; simulations of computer / 
communications systems; executives; 
compiler/ assembler developments. 
Data System and 

Computer Engineers 


BSEE all levels. Must know digital logic 
circuits, modules, memory system appli- 
cations. Capable of evaluating com- 
mercially manufactured computer peri- 
pheral equipment and carrying projects 
from initial design to completion. 


Circuit Design Engineers 


BSEE required. To four years recent ex- 
perience in analog and digital solid 
state circuit design. Experience with 
F.E.T. and integrated circuit compo- 
nents is desirable. Knowledge of com- 
puter peripheral equipment, switching 
technology, electro-optical subsystems 
desirable though not necessary. 


An Equal Opportunity Employer 


Metropolitan New York and nearby New 
Jersey locations. Send résumé, including 
salary requirements, in full confidence 
to Mr. D. V. Lusk, Box CD4, Employee 
Relations Dept., Room 2111, The West- 
ern Union Telegraph Company, 60 Hud- 
son Street, New York, N.Y. 10013. 


western union 
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Systems Programmers... 


Softwhere? 


(Where you probably least expected it) 


Our software commitments are as advanced and total as anything you might 
expect to find in a major defense contractor. 


We have immediate openings for professionals with 4-6 years’ experience 
in software development...to design, develop and support programming 
systems for non-conventional computer peripheral subsystems. 


You'll be working with our new Information Systems Division which was 
formed to enable Xerox to further strengthen its position in that important 
segment of the graphic communications market which encompasses such 
areas as the storage, retrieval, recording, transmission and reception of 
information. 


Your background should have exposed you to the design and development 
of compilers, assemblers, input-output and display generators, information 
storage and retrieval programs, on-line and real-time systems. If you've 
also developed utility and test programs, so much the better. 


You'll be working on equipments and systems which promise to become 
new and unusual answers to the information/imaging system needs of 
business and industry. 


Qualified applicants will receive a prompt and confidential reply. Address 
your resume to Mr. John J. Foley, Dept. YTD-102, Xerox Corporation, P.O. 


Box 1540, Rochester, New York 14603. 


An Equal Opportunity Employer (M&F) 


NOTE: Xerox will conduct Boston Interviews 
(April 26-28) during Spring Joint Computer 
Conference. Please check local papers for 
details at that time. 
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SALES 
OFFICES 


BOSTON 


Lindsay H. Caldwell 
Professional Bldg. 
Baker Ave. 

W. Concord, Mass. 
phone: (617) 369-6660 


NEW YORK 


Robert J. Bandini 

663 Fifth Ave. 

New York 20, N. Y. 
phone: (212) 421-4840 


CHICAGO 


Phil Holmes 

410 N. Michigan Avenue 
Chicago 11, Illinois 
phone: (312) 467-6240 


DETROIT 


Robert T. Barrett 

424 Lafayette Building 
Detroit 26, Michigan 
phone: (313) WO 1-0278 


LOS ANGELES 


David Barton 

672 So. Lafayette Park PI. 
Los Angeles 57, California 
phone: (213) 382-1121 


LONG ISLAND — SO. CONN. 


C. Lynn Coy 

Robert C. Woodies 

155 E. 50th St. 

N.Y., N.Y. 10022 
phone: (212) 751-2960 


SAN FRANCISCO 


David Barton 

672 So. Lafayette Park PI. 
Los Angeles 57, California 
phone: (213) 382-1121 
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Click, 


whirrr 


Monroe Datalog’s MC 4000 ultra high 
speed optical printer offers the unique 
reliability of only two moving parts. 
But reliability is only one feature. The 
MC 4000 records 6000 lines per min- 
ute, or any speed less that your appli- 
cation requires. Truly synchronous or 
asynchronous. Available in numeric or 
alphanumeric models—both 32 
columns wide. 

Features: character serial input, bit 
parallel. 6 microseconds per character 
data transfer time. Exceptional com- 
pactness—101%4" x 1034” x 2114". Any 
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All that moves in the world’s fastest printer is a motor and a fan. 


4 or 6 line code with any logic level. 
All solid state. Cathode ray tube with 
fiber optics. Permanent copy option 
available. 

And a full year’s warranty. Price: 
$5650 for numeric model; $5850 for 
alphanumeric model. 

For information, contact Monroe 
Datalog Division of Litton Industries, 
343 Sansome St., San Francisco 94104. 
(415) 397-2813. 
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Moving data fast is 
half the battle. 


The other half is moving 


it without mistakes. 


The new Tally Business Communications System 
311 Send/Receive Terminal is the most versatile 
perforated tape station ever offered and the only 
one which detects and deletes errors. Use the Sys- 
tem 311 for transmitting and receiving data over 
ordinary dial up telephone lines at 120 characters 
per second and for off-line tape duplication and 
editing in its spare time. 


The compact System 311 can be operated un- 
attended. Thus, a central data processing center 
can automatically handle data messages during off- 
peak/evening hours and still have data processed 
and retransmitted by the next morning. Easy load- 
ing is a key feature. In 30 seconds or less, you can 
load a new roll of tape. 


Now, for the first time, you don’t pay extra for error- 
free data. So if you have data communications 
problems, we think it will be well worih your while 
to take a look at the Tally 311—the machine that 
transmits clean, error-free perforated tape. For full 
details, please address Robert Olson, Tally Cor- 
poration, 1310 Mercer Street, Seattle, Washington 
98109. Phone: (206) MA 4-0760. TWX:.(910) 444- 
2039. In the U.K. and Europe, address H. Ulijohn, 
Tally Europe Ltd., Radnor House, 1272 London 
Road, London, S.W. 16, England. Phone: POLlards 
9199. 
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